The influence of maternal mental health, attachment and hormonal factors on a mother’s attachment to her fetus during pregnancy by Hart, Karyn
  
 
 
The Influence of Maternal Mental Health, Attachment and Hormonal Factors on a 
Mother’s Attachment to her Fetus During Pregnancy 
 
By 
 
 
Karyn Hart, BA (Hons) 
 
Submitted in partial fulfilment of the requirements for the degree of 
Doctorate of Psychology (Clinical) 
 
School of Psychology, 
Faculty of Health and Behavioural Sciences, 
Deakin University 
 
July 2015 
 
 
 
 
 
 
 
  
DEAKIN UNIVERSITY  
ACCESS TO THESIS – A 
 
I am the author of the thesis entitled 
The Influence of Maternal Mental Health, Attachment and Hormonal Factors on 
a Mother’s Attachment to her Fetus During Pregnancy 
 
Submitted for the degree of 
 
Doctor of Psychology (Clinical) 
 
 
‘I certify that I am the student named below and that the information provided in the 
form is correct’ 
 
Full name: Karyn Hart 
Signed:  
 
 
Date: 25/07/2015 
 
 
  
 
DEAKIN UNIVERSITY 
CANDIDATE DECLARATION 
 
I certify that the thesis entitled  
The Influence of Maternal Mental Health, Attachment and Hormonal Factors on a 
Mother’s Attachment to her Fetus During Pregnancy 
Submitted for the degree of 
Doctor of Psychology (Clinical) 
a. I am the creator of all or part of the whole work(s) (including content and layout) and 
that where reference is made to the work of others, due acknowledgment is given. 
 
b. The work(s) are not in any way a violation or infringement of any copyright, 
trademark, patent, or other rights whatsoever of any person. 
 
c. That if the work(s) have been commissioned, sponsored or supported by any 
organisation, I have fulfilled all of the obligations required by such contract or 
agreement. 
I also certify that any material in the thesis which has been accepted for a degree or diploma 
by any university or institution is identified in the text. 
 
‘I certify that I am the student named below and that the information provided in the 
form is correct’ 
Full name: Karyn Hart 
Signed:  
  
Date: 25/07/2015
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
4 
Table of Contents 
CANDIDATE DECLARATION ................................................................................... 3 
Table of Contents ........................................................................................................... 4 
List of Tables ................................................................................................................. 8 
List of Figures .............................................................................................................. 11 
List of Appendices ....................................................................................................... 13 
Acknowledgements ...................................................................................................... 14 
Abstract ........................................................................................................................ 17 
Structure of the Thesis / Overview of Thesis........................................................... 20 
Contribution to the Field .......................................................................................... 25 
CHAPTER 1: Attachment............................................................................................ 27 
1. 1 Overview of Attachment ................................................................................... 28 
1.2 The importance of the human bond between mother and child ......................... 31 
1.3 Transmission of attachment from mother to offspring ...................................... 34 
1.4 Maternal-fetal attachment .................................................................................. 37 
CHAPTER 2: Biology of Attachment ......................................................................... 47 
2.1 Maternal Care in Animals .................................................................................. 48 
2.2 Oxytocin in Animals .......................................................................................... 49 
2.3 Oxytocin in Humans .......................................................................................... 51 
CHAPTER 3:Maternal Mental Health ......................................................................... 54 
3.1 Anxiety, Stress and maternal behaviour ............................................................ 54 
3.1.1 Anxiety, Stress, Maternal Behaviour and the Developing Infant ................... 54 
3.1.2 The role of Cortisol ......................................................................................... 56 
3.1.3 The link between anxiety, stress and Oxytocin .............................................. 58 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
5 
3.2 Depression.......................................................................................................... 59 
3.2.1 The biology of depression ............................................................................... 59 
3.2.2 Depression and attachment ............................................................................. 60 
3.2.3 Depression and pregnancy .............................................................................. 62 
CHAPTER 4: Study Aims ........................................................................................... 66 
Hypothesis................................................................................................................ 67 
CHAPTER 5. Methods ................................................................................................ 70 
5.1 Design ................................................................................................................ 70 
   5.1.1Procedure ...................................................................................................... 71 
5.2 Materials ............................................................................................................ 74 
5.2.1 Maternal demographic information ............................................................ 74 
5.2.2 Maternal attachment.................................................................................... 74 
5.2.3 Maternal-fetal attachment ........................................................................... 76 
5.2.4 Depression................................................................................................... 77 
5.2.5 Anxiety ........................................................................................................ 78 
5.2.6 Stress ........................................................................................................... 79 
5.2.8 Maternal hormones ..................................................................................... 79 
5.3 Data analyses ..................................................................................................... 80 
5.3.1 Data screening and testing assumptions ..................................................... 81 
CHAPTER 6. Study 1. Understanding The Relationship between Maternal Mental Health 
and Maternal-fetal attachment ..................................................................................... 83 
6.1 Introduction ........................................................................................................ 83 
Study Aim ............................................................................................................ 83 
6.2 Method ............................................................................................................... 84 
6.2.1 Demographics ............................................................................................. 84 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
6 
6.3 Results ................................................................................................................ 86 
Maternal-fetal attachment over time (H1) ........................................................... 89 
Association between maternal mental health and maternal-fetal attachment (H2)92 
Maternal-fetal attachment and Maternal Depression (H3) .................................. 97 
6.4 Summary of Results ......................................................................................... 100 
CHAPTER 7. Study 2. Transmission Of Attachment: The Role Of Maternal Attachment 
History And Style In Maternal-fetal attachment Across Pregnancy .......................... 102 
7.1 Introduction ...................................................................................................... 102 
Study Aim .......................................................................................................... 102 
7.2 Methodology .................................................................................................... 102 
7.3 Results .............................................................................................................. 103 
Maternal-fetal attachment and maternal attachment (H1) ................................. 103 
Maternal-fetal attachment, Secure, Dismissive, Fearful and Avoidant Maternal 
Attachment Style (H2) ....................................................................................... 109 
Maternal-fetal attachment and maternal attachment and maternal mental health (H3)
............................................................................................................................ 114 
7.4 Summary of Results ......................................................................................... 124 
CHAPTER 8. Study 3: The Role of Oxytocin, Cortisol, Maternal Mental Health And 
Attachment On Maternal Attachment In Pregnancy .................................................. 126 
8.1 Introduction ...................................................................................................... 126 
Study Aim .......................................................................................................... 126 
8.2 Method ............................................................................................................. 127 
8.2.1 Demographics ........................................................................................... 127 
8.3 Results .............................................................................................................. 130 
Maternal hormonal levels and maternal-fetal attachment .................................. 131 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
7 
Maternal hormonal Levels and maternal attachment ......................................... 136 
Maternal Hormonal levels and maternal mental health ..................................... 143 
Maternal-fetal attachment, oxytocin and cortisol levels early and late pregnancy (H1)
............................................................................................................................ 150 
Maternal-fetal attachment, hormonal levels and depression H2 ........................ 159 
Maternal-fetal attachment, hormonal levels, depression and antidepressant exposure in 
pregnancy H3 ..................................................................................................... 163 
8.4 Summary of Results ......................................................................................... 169 
CHAPTER 9: Integrated Discussion ......................................................................... 172 
9.1 Summary of key research findings .................................................................. 173 
Maternal mental health and maternal-fetal attachment ...................................... 173 
Maternal attachment and maternal-fetal attachment .......................................... 176 
Maternal oxytocin and cortisol in pregnancy and maternal-fetal attachment .... 180 
9.2 Implications...................................................................................................... 183 
Research ............................................................................................................. 183 
Clinical ............................................................................................................... 183 
9.3 Strengths, limitations and future directions ..................................................... 185 
Strengths ............................................................................................................ 185 
Limitations ......................................................................................................... 186 
Future Directions ............................................................................................... 187 
9.4 Conclusions ...................................................................................................... 188 
CHAPTER 10. References......................................................................................... 190 
CHAPTER 11: Appendices ....................................................................................... 222 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
8 
List of Tables 
Table 1. Outline of data collection waves .................................................................... 74 
Table 2. Percentages of missing data ........................................................................... 82 
Table 3. Social and demographic means and percentages ........................................... 85 
Table 4. Social and demographic means and percentages ........................................... 86 
Table 5. Associations between maternal-fetal attachment and populations demographics in 
early.............................................................................................................................. 88 
Table 6. Means, SD and paired sample t-test for maternal-fetal attachment over pregnancy
...................................................................................................................................... 89 
Table 7. Intercorrelations between maternal-fetal attachment and maternal mental health in 
early and late pregnancy .............................................................................................. 94 
Table 8. Hierarchical regression analysis summary maternal mental health variables in early 
pregnancy predicting quality of fetal attachment in late pregnancy ............................ 95 
Table 9. Hierarchical regression analysis summary maternal mental health variables in late 
pregnancy predicting quality of fetal attachment in late pregnancy ............................ 97 
Table 10. One way analysis of variance for effects of depression on quality of fetal 
attachment in early and late pregnancy ........................................................................ 99 
Table 11. One way analysis of variance for effects of depression on quality of fetal 
attachment in early and late pregnancy, controlling for antidepressant use ................ 99 
Table 12. Intercorrelations between maternal-fetal attachment and maternal attachment in 
early and late pregnancy ............................................................................................ 105 
Table 13. Hierarchical regression analysis summary maternal attachment variables in early 
pregnancy predicting quality of fetal attachment in early pregnancy ........................ 107 
Table 14. Hierarchical regression analysis summary maternal attachment variables in early 
pregnancy predicting quality of fetal attachment in late pregnancy .......................... 108 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
9 
Table 15. Hierarchical regression analysis summary maternal attachment variables in late 
pregnancy predicting quality of fetal attachment n late pregnancy ........................... 109 
Table 16. One way analysis of variance for effects of maternal attachment style in quality of 
fetal attachment in early and late pregnancy .............................................................. 112 
Table 17. Intercorrelations between maternal-fetal attachment, maternal attachment and 
maternal mental health in early pregnancy ................................................................ 116 
Table 18. Intercorrelations between maternal-fetal attachment, maternal attachment and 
maternal mental health in late pregnancy .................................................................. 117 
Table 19. Intercorrelations between maternal-fetal attachment, maternal attachment and 
maternal mental health in early and late pregnancy ................................................... 118 
Table 20. Hierarchical regression analysis full model maternal mental health and attachment 
variables in early pregnancy predicting quality of fetal attachment in late pregnancy (n = 
152) ............................................................................................................................ 120 
Table 21. Hierarchical regression analysis summary full model maternal mental health and 
attachment variables in late pregnancy predicting quality of fetal attachment in later 
pregnancy (n =157) .................................................................................................... 123 
Table 22. Social and demographic means and percentages ....................................... 129 
Table 23. Social and demographic means and percentages ....................................... 130 
Table 24. Intercorrelations between oxytocin, cortisol and maternal-fetal attachment in early 
and late pregnancy (n = 37) ....................................................................................... 132 
Table 25. Intercorrelations between oxytocin, cortisol and maternal attachment in early 
pregnancy (n = 37) ..................................................................................................... 138 
Table 26. Intercorrelations between oxytocin, cortisol and maternal attachment in late 
pregnancy (n = 37) ..................................................................................................... 139 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
10 
Table 27. Intercorrelations between oxytocin, cortisol and maternal attachment in early and 
late pregnancy (n = 37) .............................................................................................. 140 
Table 28. Intercorrelations between oxytocin, cortisol and maternal mental health in early 
and late pregnancy (n=37) ......................................................................................... 145 
Table 29. Means, SD, and paired sample t-test for maternal-fetal attachment levels over 
pregnancy (n=37) ....................................................................................................... 150 
Table 30. Means, SD, and paired sample t-test for maternal hormonal levels over pregnancy 
(n=37) ......................................................................................................................... 156 
Table 31. One way analysis of variance for effects of maternal history of depression on fetal
.................................................................................................................................... 161 
Table 32. One way analysis of variance for effects of maternal exposure to depression and 
antidepressants on maternal-fetal attachment and hormonal levels in early and late 
pregnancy (df 2, 36) ................................................................................................... 166 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
11 
List of Figures 
Figure 1. Recruitment process and participants retained at each wave ........................ 72 
Figure 2. Individual mean quality of fetal attachment from early to late pregnancy .... 90 
Figure 3. Individual mean intensity of preoccupation from early to late pregnancy .... 91 
Figure 4. Individual mean global maternal-fetal attachment from early to late  
pregnancy ...................................................................................................................... 92 
Figure 5. Mean difference in maternal-fetal attachment over time for clinical  
depression groups........................................................................................................ 100 
Figure 6. Mean difference in maternal-fetal attachment over time for attachment  
groups .......................................................................................................................... 113 
Figure 7. Scatterplot and line of best fit for global maternal-fetal attachment and  
oxytocin....................................................................................................................... 134 
Figure 8. Scatterplot and line of best fit for global maternal-fetal attachment and  
cortisol......................................................................................................................... 135 
Figure 9. Scatterplot and line of best fit for maternal overall maternal attachment style and  
oxytocin....................................................................................................................... 142 
Figure 10. Scatterplot and line of best fit for maternal overall maternal attachment style and  
cortisol......................................................................................................................... 143 
Figure 11. Scatterplot and line of best fit for depression and oxytocin ...................... 147 
Figure 12. Scatterplot and line of best fit for state anxiety and oxytocin ................... 148 
Figure 13. Scatterplot and line of best fit for trait anxiety and oxytocin .................... 148 
Figure 14. Scatterplot and line of best fit for depression and cortisol ........................ 149 
Figure 15. Scatterplot and line of best fit for state anxiety and cortisol ..................... 149 
Figure 16. Scatterplot and line of best fit for trait anxiety .......................................... 150 
Figure 17. Individual mean quality of fetal attachment from early to late  
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
12 
pregnancy .................................................................................................................... 152 
Figure 18. Individual mean intensity of preoccupation from early to late pregnancy 153 
Figure 19. Individual mean global maternal-fetal attachment from early to late  
pregnancy .................................................................................................................... 154 
Figure 20. Individual mean oxytocin from early to late pregnancy ............................ 157 
Figure 21. Individual mean cortisol from early to late pregnancy .............................. 158 
Figure 22. Mean difference in oxytocin over time for depression groups .................. 162 
Figure 23. Mean difference in cortisol over time for depression groups .................... 163 
Figure 24. Mean difference in oxytocin over time for depression, antidepressant and  
control exposure groups .............................................................................................. 168 
Figure 25. Mean difference in cortisol over time for depression, antidepressant and  
control exposure groups .............................................................................................. 169 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
13 
List of Appendices 
Appendix A. Ethics approval ..................................................................................... 210 
Appendix B. Patient information sheet ...................................................................... 213 
Appendix C. Consent form ........................................................................................ 221 
Appendix D. Withdrawal letter .................................................................................. 222 
Appendix E. Additional results .................................................................................. 223 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
14 
Acknowledgements 
 
There are a number of people in my life, without whom this thesis would not have been 
written and as such I am forever thankful. 
 
I would like to express my most sincere appreciation to my supervisor Associate Professor 
Andrew Lewis, who has wisdom, skills and expertise.  Your ongoing support and 
encouragement has kept me focused and driven despite obstacles.  Without his guidance this 
dissertation would not have been possible.  I have learnt an extensive amount over the past 
few years with you and for that I am grateful. 
 
To my wonderful fiancé Tim, you have stood by me through the toughest of times and it is 
your unwavering love, encouragement and belief in me that has seen me through to the end.  
You keep me sane and balanced I don’t know what I would do without you. 
 
To my gorgeous baby girl Pollyanna, thank you for coming into my life.  You inspire me to 
be the best person that I can be.  Thank you for your patience, those long nights without 
mum while I was studying.  I finished this for you beautiful girl. 
 
To my parents Leonie and Grant, brothers and sister-in-laws Cam, Sarah, Dave and Eliza 
and nieces and nephews Hudson, Rory ad Bridget.  This would not have been possible 
without you.  Family is so very important to me and I know that we have been through some 
very difficult times.  I have gotten to where I am because of you and I finished this to say 
thank you to you all.  To Ralph, Wendy, Belinda and Scott; thank you for accepting me into 
your family and for the patience, kindness and continued support to help me get to where I 
am, thank you. 
 
I would also like to thank my wonderful friends, you know who you are.  You have been 
ever so patient with my constant exhaustion, unavailability and forgetfulness.  You have 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
15 
provided me with a shoulder to cry on and a place to laugh and forget my stress.  Thank you.  
I am so excited to have more time to embrace our friendship. 
 
Contribution to data collection within the MPEWS study. 
The data in the current thesis is derived from the data collected by the Mercy 
Pregnancy and Emotional Well-being Study (MPEWS) study that was designed and 
developed by Profs Lewis and Galbally and commenced in 2012.  The current thesis has 
utilised data from a small selection of the measures across the first two time points of the 
MPEWS study which overall has 5 waves of data currently being collected.  In order to have 
access to this data I participated as part of the MPEWS research team for a period of two 
years and attended the Mercy Hospital on a regular basis, typically weekly, participated in 
regular team and project planning meetings at the Hospital.  My role within this research 
team included participating in questionnaire development, piloting of measures, recruitment 
of participants, cohort maintenance, data collection, data entry and interview transcription. I 
also assisted in the development of a data dictionary.  My role within the MPEWS team 
involved a substantial contribution to data collection for the wider study including training 
in and administration of psychological interviews such as the Adult Attachment Interview 
and the Structured Clinical Interview for DSM (SCID). It is also noted that some of the data 
reported in the current study were collected both by myself and other team members. Staff 
were also employed to the project via the financial support from a national priority grant 
from Beyond Blue awarded to Profs Galbally and Lewis and was also supported by funding 
from the School of Psychology at Deakin. 
 This work in the MPEWS study was supervised by my academic supervisor, Prof 
Lewis and by Dr Galbally as the Clinical lead in the project and Head of the Department of 
Perinatal Mental Health at the Mercy. I reported directly to the project manager Dr Nicole 
Brooks. I would also like to thank the staff at Deakin University and Mercy Hospital for 
Women, specifically the MPEWS team.  Your guidance, hard work and support has made 
this possible and for that I am grateful.  Specifically, I would like to thank the Chief 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
16 
Investigator of the MPEWS Study Associate Professor Megan Galbally.  I would like to 
thank her for allowing me to be a part of the study and learn through her research and 
clinical team.   
 
 
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
17 
Abstract 
Attachment is a core part of human functioning, and has its origins in the close bond that 
forms between a mother and child. In an evolutionary context, this bond is essential for the 
offspring’s survival and is observable across many mammalian species.  The critical period 
for development of this attachment relationship occurs during the first few years of life and 
once formed, is largely stable over time (Ainsworth & Bell, 1970; Bowlby, 1951).  The role 
that the prenatal environment plays in the development of the attachment relationship is 
increasingly a focus of research.   
Recent research indicates that the development of the attachment relationship 
between mother and child begins in utero (Alhusen, 2008; Brandon, Pitts, Denton, Stringer, 
& Evans, 2009).  During pregnancy maternal-fetal attachment facilitates fetal development 
by generating an optimal prenatal environment motivating the mother to engage in health 
related behaviours.  Failure to attach to the fetus has been linked with poor health related 
behaviours and, in extreme cases, fetal abuse (Kent, Laidlaw, & Brockington, 1997).  
Moreover, maternal-fetal attachment is essentially the precursor to mother-infant 
attachment; maternal-fetal attachment has been found to be associated with the capacity for 
maternal sensitivity and responsiveness in the postnatal period.  This in turn facilitates 
attachment behaviours and guides the development of the infant’s attachment (Bell, 1972; 
Feldman, 2012).  
The current body of literature indicates that there are many maternal risk and 
protective factors that contribute to the development of maternal-fetal attachment during 
pregnancy, including psychopathology, maternal attachment status, substance use and social 
support (Alhusen, 2008; Cannella, 2005).  However, reviews of the current body of 
literature have highlighted the marked inconsistencies in findings and significant 
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methodological complications indicating the need for further research (Alhusen, 2008; 
Cannella, 2005; Muller, 1992) 
Maternal antenatal mental disorders such as depression and anxiety have been 
repeatedly identified as generating a less than optimal prenatal environment.  The very 
nature of the symptomatology of these disorders results in the potential for reduced capacity 
for the mother to attach to the developing fetus.  Additionally, given the recent research into 
the biological underpinnings of human social affiliation, it is important to explore the 
contribution of maternal hormones contributing to the development of maternal-fetal 
attachment (Bartels & Zeki, 2004; Levine, Zagoory-Sharon, Feldman, & Weller, 2007).  
The aim of the current longitudinal study was to explore maternal-fetal attachment 
across the course of pregnancy, investigating potential psychobiological associations of 
maternal-fetal attachment in the prenatal environment.  The aim of the study was to do this 
by examining the relationship between maternal factors including mental health, different 
attachment styles and hormones during the prenatal period, and the influence that these 
factors have on the development of maternal-fetal attachment across the course of 
pregnancy.  It was hypothesized that maternal-fetal attachment would increase over the 
course of pregnancy; maternal mental health, and attachment and hormone levels in early 
and late pregnancy would influence the development of maternal-fetal attachment.  
Furthermore, it was hypothesized that levels of maternal-fetal attachment in pregnancy 
would vary for mothers with current or historical clinical depression compared to controls.   
The results supported the hypothesis that generally maternal-fetal attachment 
increased over the course of pregnancy.  The findings showed that there was variability in 
the level and rate of change in maternal-fetal attachment across pregnancy.  As 
hypothesized, maternal mental health problems were associated with poorer maternal-fetal 
attachment.  The results showed a moderate effect size for the association between maternal 
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depression, stress and anxiety and maternal-fetal attachment.  These findings remained 
consistent after controlling for confounding factors.  Maternal attachment anxiety, 
attachment avoidance and parental care from mother were also associated with poorer 
maternal-fetal attachment across pregnancy.  These findings also demonstrated strong to 
moderate effect sizes and remained consistent after controlling for confounding factors.  
Comparatively, parental care received from father did not appear to contribute to maternal-
fetal attachment.  As expected, both oxytocin and cortisol levels increased over the course of 
pregnancy, and the results showed significant weak to moderate relationships between 
maternal mental health, attachment, oxytocin, cortisol and maternal-fetal attachment. 
Contrary to expectations, the findings showed that the role of oxytocin may be more 
complex than initially anticipated.  Oxytocin was found to be negatively associated with 
maternal-fetal attachment and positively associated with maternal attachment difficulties 
and depression.   
The current study is a preliminary investigation into maternal-fetal attachment.  
Considering issues of small sample size, the current findings seem to be consistent with 
previous research showing that maternal psychobiological factors influence the development 
of maternal-fetal attachment across pregnancy. The current study has implications for future 
research, and the development of important early identification and treatment interventions.  
Keywords: maternal-fetal attachment, prenatal, oxytocin, cortisol, depression, 
anxiety, stress
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Structure of the Thesis / Overview of Thesis  
This thesis includes four chapters providing background information and literature 
reviews, a research methodology chapter, three empirical studies using data from a 
longitudinal study and a detailed discussion chapter. 
In Chapter 1 a brief overview of the definitions and origins of attachment is 
provided.  The authors examine the importance of attachment for the survival and 
development of the infant and the transmission of attachment from one generation to the 
next.  This is followed by a discussion of maternal-fetal attachment as the earliest form of 
attachment relationship.  While the postnatal environment has been identified as a critical 
time for infant development, recent research indicates that this development may be 
occurring in utero (Monk, Georgieff & Osterholm, 2013).  While attachment has received 
decades of research in the postnatal environment, investigating maternal-fetal attachment is 
a growing area of research.  Reviews have identified a number of methodological limitations 
and challenges in maternal-fetal attachment research, which the current research aims to 
tackle by providing preliminary exploration of maternal-fetal attachment (Cannella, 2005; 
Muller, 1992).  It is argued in this thesis that the investigation of maternal-fetal attachment 
is essential in furthering our understanding of the attachment between mother and infant.  
Moreover, this thesis argues that establishing a clear understanding of the risk and protective 
factors for maternal –fetal attachment may enable the development of screening tools to 
identify those mothers at risk of having difficulty with maternal –fetal attachment 
throughout pregnancy.  It is also argued that early intervention programs may be developed 
to increase maternal-fetal attachment and potentially alter developmental trajectories for 
mother and fetus.  It is also argued in the current thesis that maternal-fetal attachment may 
be a crucial component to understanding the transmission of attachment from mother to 
child.  The current thesis is a longitudinal study across pregnancy.  While it is 
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acknowledged that research following through to the postnatal period is ideal, this is beyond 
the scope of the current study and is therefore limited to the preliminary investigation of 
maternal-fetal attachment.  
Chapter 2 is focused on the biological associations with attachment.  This area of 
research has been dominated by animal models that have paved the way for human studies.  
A brief account of the animal models is conducted to build a case for the identification of 
oxytocin as the prime hormone involved in social affiliation. This is followed by a 
discussion regarding oxytocin, which explains how and why oxytocin may be associated 
with the development of attachment in human relationships and as such why it is important 
to consider when investigating maternal-fetal attachment.   
Chapter 3 turns to the issue of maternal mental health with a focus on anxiety and 
stress on maternal behaviour.  The aim here is to focus on the psychobiological 
understanding of anxiety and stress, and examine how this may impact on the in utero 
environment and maternal behaviour.  It discusses the mechanisms of action for anxiety 
before discussing the role of cortisol in anxiety during pregnancy.  Chapter 3 concludes by 
discussing the association between oxytocin in anxiety and stress specifically during 
pregnancy, arguing that both cortisol and oxytocin are important hormones to consider when 
investigating maternal-fetal attachment in pregnancy.  
Chapter 3 then continues to build on the issue of maternal mental health with a focus 
on depression specifically in the prenatal period by looking at the psychobiological 
understanding of depression before turning to a discussion of prenatal depression.  A review 
of the literature is conducted in respect to the impact of prenatal depression on infant 
development.  This review concludes that exposure to prenatal depression may result in 
some adverse consequences for infant development, however that there is significant 
limitations in the body of literature and requires further research.  This chapter concludes by 
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arguing that investigation into the prenatal period is essential specifically demonstrating that 
prenatal depression has a far-reaching impact on infant development and therefore should be 
considered when investigating maternal-fetal attachment.   
Prior to presenting the findings of the empirical studies, Chapter 4 introduces the 
methodology beginning with design, procedure and measures and describes the 
psychometric properties of the measures used.  Maternal-fetal attachment will be measured 
using the self-report measure, Maternal Antenatal Attachment Scale (MAAS; Condon, 
1993).  Following the work of Condon, this psychometrically robust measure will determine 
the mother’s level of bonding with her unborn child (Condon, 1993) and be used to map 
whether this changes over the course of her pregnancy. 
Maternal attachment will be measured via two scales in order to capture aspects 
current attachment style and the experience of the participants’ relationship with their own 
parents.  The Experience of Close Relationship will be used to measure the participant’s 
attachment style.  This is a self-report measure that measures anxious and avoidant 
attachment styles (Fraley, Waller, & Brennan, 2000; Wei, Russell, Mallinckrodt, & Vogel, 
2007).  This measure will be used concurrently with the Parental Bonding Instrument, which 
is a self-report measure that measures the perception of the individual’s relationship with 
both of their parents (Parker, Tupling & Brown, 1979).   
As the current thesis will contain both non-clinical and clinically depressed samples, 
the SCID will be used to accurately determine participants who are clinically depressed 
(Lobbestael, Leurgans & Arntz, 2011).  This will be supported by the Edinburgh Postnatal 
Depression Scale (EPDS), which will be used as a continuous measure of depression across 
time (Cox, Holden, & Sagovsky, 1987a; Wisner, Parry, & Piontek, 2002). 
The State Trait Anxiety Inventory (Spielberger, 1983) and the Stressful Life Events 
Scale (Shaw, Dimsdale, & Patterson, 2008) will be used: to determine levels of both state 
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and trait anxiety; identify what stress stimuli the mothers are being exposed to, and their 
own perception of the impact that such stressful experiences have on them in both the past 
and present. 
With regards to the biological measures, it is acknowledged that the use of peripheral 
measures such as blood plasma to measure hormone levels is a limitation, however, it is 
widely accepted that blood levels are a good proxy for central oxytocin (Crockford, 
Deschner, Ziegler & Wittig, 2014).  The use of such peripheral measures is also supported 
by findings in animal studies that indicate that peripheral measures of oxytocin and cortisol 
are indicative of central levels of these hormones in the brain.  It is therefore argued that 
peripheral plasma measurement is a valuable indicator to inform understanding of central 
oxytocinergic brain activity (Ebstein, Knafo, Mankuta, Chew & Lai, 2012).  As such 
oxytocin and cortisol will be measured using maternal plasma.  
Chapter 5 outlines how the data in the current thesis was derived from a larger 
MPEWS study.  The statistical procedures utilized in the current thesis is then described.  
The current thesis will utilize a number of statistical methods, including linear regressions 
and independent t-tests to analyse the change in maternal-fetal attachment over pregnancy.  
These statistical methods will also be utilized for basic comparisons of hormone levels and 
maternal-fetal attachment across groups based on clinical depression and antidepressant 
exposure.  Multiple linear regression will be used to investigate the relationship between 
maternal mental health conditions such as: depression, anxiety and stress; and maternal-fetal 
attachment in early to late pregnancy.  Basic exploratory correlation analysis will be 
conducted to explore the relationships between the maternal biological and psychological 
factors; and in addition, their association with maternal-fetal attachment during pregnancy.  
The overall aims and hypothesis of the study are also highlighted in Chapter 5.  
Overall, the study aims to examine some of the psychobiological mechanisms underpinning 
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the development of maternal-fetal attachment across the course of pregnancy and the 
differences that may be evident for groups of clinically depressed mothers and controls.  
The current research encompasses three studies that aim to address the major research 
question concerning maternal-fetal attachment across pregnancy and examine how various 
maternal psychological and biological factors influence the development of this maternal-
fetal attachment.   
The findings for the first empirical study relating to maternal mental health and the 
development of maternal-fetal attachment are presented in Chapter 6.  The focus of Chapter 
7 is on the results of the second empirical study investigating the role of maternal 
attachment history in maternal-fetal attachment.  Finally Chapter 8 presents the findings of 
the third empirical study, which is a nested case controlled study relating to the role of 
oxytocin, cortisol, maternal mental health and maternal attachment in the development of 
maternal-fetal attachment in early and late pregnancy 
In Chapter 9 an in depth discussion of the studies presented in Chapters 6 through to 
8, including the main findings, comparisons with previous research, strengths, limitations 
and potential explanations for the results is provided.  This chapter then moves to discuss 
the theoretical and clinical implications for the findings and concludes by areas for further 
study.   
 
 
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
25 
 
Contribution of the thesis to the Field of Perinatal mental health 
Continued research investigating the antenatal environment is critical to expanding 
our understanding of how the antenatal environment impacts on the development of the 
fetus.  By broadening our body of knowledge, this will enable identification of protective 
and risk factors to maternal-fetal attachment and subsequent fetal and infant development.  
Once a clear understanding of these protective and risk factors is developed, targeted early 
interventions can be established to circumvent adverse outcomes for those identified as at 
risk (Monk et al., 2013).   
This thesis contributes to the existing literature first by furthering our understanding 
of how the attachment relationship begins in utero between mother and fetus and develops 
across the course of the pregnancy. Secondly, by exploring the risk and protective factors 
that impact on maternal-fetal attachment, this thesis increases our understanding of the 
development of maternal-fetal attachment.  This thesis confirms existing report that there is 
significant individual variation in the development of maternal-fetal attachment over the 
course of pregnancy.  This highlights the importance of researching and examining factors 
that are predictive of differences in the development of maternal-fetal attachment in order to 
identify which factors play a role in an individual developing sound maternal-fetal 
attachment over the course of pregnancy.  This thesis further demonstrates that there are a 
number of maternal factors that significantly contribute to the development or hindrance of 
maternal-fetal attachment.  This has important clinical implications as it enables the 
identification of areas that can be used for assessment to pinpoint those at risk of not 
developing a strong maternal-fetal attachment. Thirdly, by having an understanding of how 
the maternal psychobiological factors shape the development of maternal caregiving, it may 
provide further insight into social and emotional human behaviour.   
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
26 
By clearly understanding the maternal factors that contribute to maternal-fetal 
attachment in the antenatal period, identification of mothers at risk can occur.  The current 
thesis demonstrates that maternal mental health including depression, anxiety and stress and 
maternal attachment styles including attachment anxiety and avoidance are identified risk 
factors for poorer maternal-fetal attachment.  Screening for maternal depression, anxiety, 
stress and attachment difficulties in the early antenatal period could identify those mothers 
with maternal-fetal attachment difficulties.  Additionally, effective clinical early 
interventions could be developed which focus on these risk factors. The findings of the 
current thesis indicate that these targeted clinical early interventions would focus on 
addressing maternal anxiety, stress and depression as well as addressing maternal 
attachment difficulties specifically attachment anxiety and avoidance.  Early interventions 
like this could turn identified risk factors into protective factors by improving maternal 
mental health and attachment experiences that will then hopefully alter the trajectory of 
maternal-fetal attachment and have numerous flow on effects for both the mother and 
developing fetus.  Moreover, by integrating a psychobiological approach, the current thesis 
contributes to a developing body of literature and raises further questions for investigation 
including about the complex role of oxytocin during pregnancy (Ebstein et al., 2012). 
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CHAPTER 1: Attachment 
 This chapter presents an overview of the psychology of attachment.  It briefly 
discusses the origins and background of attachment, highlighting the importance of the 
attachment relationship for reproductive fitness.  It then discusses in greater detail the 
development of the attachment between primary caregiver and infant.  It presents an 
overview of how this attachment is formed between primary caregiver and child indicating 
the importance of maternal sensitivity and responsiveness toward the infant. It then 
establishes the importance of this attachment relationship for the development of the infant 
in a range of domains.  The notion that the style of attachment is then partially transmitted 
from one generation to the next, via the parents is explored and linked back to maternal 
sensitivity.  Combined, this emphasizes the importance and stability of the attachment 
relationship.  The chapter then discusses in detail the concept of maternal-fetal attachment 
and how this has emerged from traditional ideas of attachment.  It presents an account of 
how this relationship is established in the prenatal environment and the importance of this 
early attachment relationship in ongoing fetal development.  A discussion of the current 
literature regarding maternal-fetal attachment is also conducted in order to establish areas in 
the literature for research. Importantly, according to the attachment literature, infant 
attachment does not necessarily occur between infant and mother, but rather with the 
primary caregiver.  Throughout the current thesis when discussing this attachment, reference 
is made to mother.  This is done given the focus of the research is on maternal fetal 
attachment with pregnant women during pregnancy, however acknowledges the role of the 
primary caregiver in the postnatal period. 
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1. 1 Overview of Attachment  
 Attachment is an established concept comprising of various aspects including 
maternal-fetal attachment.  In order to understand maternal-fetal attachment, a brief 
understanding of the origins of attachment and how it serves an evolutionary purpose in 
both animals and humans is essential.  This section aims to establish this understanding and 
explore a brief overview of the defining aspects of attachment. 
Attachment is the special emotional connection, which is enduring and occurs 
between two individuals (Bartels & Zeki, 2004). This form of social connectedness is not an 
exclusively human phenomenon and occurs across many mammals (Suomi, 2008), serving 
an evolutionary purpose by promoting survival (Bowlby, 1951).  In humans, attachment 
serves similar adaptive needs to other mammals.  This suggests that these systems of social 
connectedness also have a substantial evolutionary history in humans (Douglas, 2010;  
Lewis & Tooley, 2009), impacting significantly on human development across generations 
(Polan & Hofer, 2008). 
The unique attachment relationship between parent and child is part of what Bowlby 
(1951) classified as the caregiving system driven by innate motivations as part of a 
reproductive strategy to increase reproductive fitness (Lewis and Tooley, 2008; Bartels & 
Zeki, 2004).  This attachment relationship between primary caregiver and child is the 
foundation from which the attachment relationship is built.  It is developed in the early years 
of life and is defined as being a dyadic relationship. Over the course of evolution, infants 
have developed attachment related behaviours such as crying, that are adaptive in ensuring 
they maintain close proximity to the caregiver in order to have their needs met.  The primary 
caregiver is primed to be sensitive toward the infant’s cues and subsequently responds. The 
reciprocal communication within this unique dyad not only ensures the infant’s safety and 
well-being, but also assists to develop emotional regulation (Bowlby, 1971).  The 
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attachment formed in infancy is considered to be relatively stable over time (Hazan & 
Shaver, 1987).  Through their experience of interactions with caregivers, children develop 
templates known as internal working models that guide their behaviour and expectation for 
future relationships; this includes romantic adult relationships (Bowlby, 1971; Hazan & 
Shaver, 1987).  Similar to parent child attachments, adult romantic attachment relationships 
have similar interaction, including seeking close proximity, meeting needs and providing a 
secure base.  Furthermore, the adult attachment styles predominately correspond with the 
attachment styles in children.  Given the stability of attachment style over time and the fact 
that the infant attachment forms the foundation for future relationships, it is thought that the 
attachment style in adulthood is reflective of the attachment style that was developed in 
childhood.   
Attachment theorists have long assumed that the development of attachment occurs 
in the early postnatal environment (Ainsworth & Bell, 1970; Bowlby, 1988).  However, it 
may be that this process begins much earlier, with the maternal aspect of caregiving 
behaviour beginning in pregnancy with the change in the mother’s cognitive and affective 
processing.  Development of the offspring occurs in the context of the in utero environment, 
which is now known to influence both structure and ultimately the function of the 
developing brain (Schore, 2001, 2002; Schore & McIntosh, 2011).  It is understood that the 
way in which the fetus adapts to the intrauterine environment contributes to the fetus’s 
physiological development.  
 Recent work, often referred to as the Developmental Origins of Health and Disease 
(DOHaD), suggests that prenatal exposure to a wide array of factors influences the 
development of the fetus’s programing, which is the way in which the fetus physiologically 
adapts to the uterine environment which it develops (Barker, 2004, 2007; Bateson et al., 
2004; Gluckman & Hanson, 2006; Talge, Neal, & Glover, 2007).  Evidence for the idea that 
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the prenatal environment influences and contributes to the development of attachment status 
has stemmed from animal studies in which hormones such as oxytocin and oestrogen have 
been shown to prime females to behave maternally (Bartels & Zeki, 2004; Insel & Young, 
2000; Nelson & Panksepp, 1998).  Additionally, oxytocin, opioids and prolactin have been 
identified as playing critical roles in the emotions such as acceptance, nurturance and love, 
which underlie the experience of human social bonds (Panksepp, 1998).  This suggests that 
the prenatal attachment which forms between mother and developing fetus may be critical in 
understanding attachment. 
It is important to continue to develop our understanding of attachment given the 
implications it has on ongoing development.  For decades theorists have emphasized that 
attachment can have a significant impact on the long-term social, emotional, cognitive and 
behavioural development of the offspring (Bowlby, 1991).  Research has shown that the 
attachment relationship between the mother and the infant can have lasting effects on the 
infant, playing a contributing role in the development of personality, self concept, 
psychopathology and interpersonal relationships (Thompson, 2008; Polan & Hofer, 2008).  
Links between attachment and risk to aversive outcomes in social, cognitive and physical 
development have also been found (Gitau, Fisk, Teixeira, Cameron, & Glover, 2001; Talge 
et al., 2007).  Moreover, the mother-infant relationship may influence emotional 
development across the lifespan.  Emerging evidence from both attachment and hormonal 
research has highlighted the psychobiological link between attachment and emotion.  This 
research indicates that prenatal anxiety and depression impacts not only the mother in terms 
of increased morbidity and mortality, but also the infant (O'Connor et al., 2005).  
Complications include: increased pregnancy complications, impaired mother – infant 
interactions, impaired attachment and poorer childhood development outcomes (Tharner et 
al., 2012).  Research also suggests that these factors, throughout pregnancy, are likely to 
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strongly influence the way maternal depression and anxiety impacts on child outcomes; 
including vulnerability to psychopathology (Barker, 2004, 2007; Gartstein & Bateman, 
2008; Gluckman & Hanson, 2006; Soubry et al., 2011).  
 The area of research into maternal-fetal attachment during the prenatal period is new 
and developing, with much research done with animal models (Panksepp, 1998).  The 
current thesis is informed by these animal models (Coan, 2008).  It seeks to apply some of 
these animal models to human studies (Galbally, Lewis, Ijzendoorn, & Permezel, 2011), in 
order to develop a greater understanding of the biological correlates of maternal-fetal 
attachment.  The current thesis also aims to further investigate the importance of the 
attachment relationship between mother and developing fetus during pregnancy; this is done 
by investigating how maternal depression and anxiety in pregnancy affects the development 
of attachment in the prenatal environment (Cyranowski et al., 2008; O'Connor et al., 2005).  
The current research hopes to provide preliminary data for exploration and examination of 
the influence of maternal hormonal, mental health and overall maternal attachment styles on 
maternal-fetal attachment across pregnancy in a biopsychosocial model of enquiry, based on 
some pilot data collected on oxytocin. 
 Evidently attachment is a complex construct beginning in the prenatal period and 
spanning the entire lifespan.  The need to further the development in our understanding of 
attachment is clear given the far-reaching implications that it has on a wide array of human 
functioning. 
1.2 The importance of the human bond between mother and child 
Attachment between parents and offspring, as previously discussed, has occurred to 
ensure the survival of the offspring.  In humans this attachment relationship not only ensures 
survival but also contributes to the optimal development of the infant in a number of 
domains.  The section discusses the importance of this attachment relationship and how this 
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is formed.  It explores the concept of maternal sensitivity and discusses how this ensures the 
development of the attachment relationship and survival of the infant.  
The attachment relationship between mother and child has evolutionary purposes, as 
it is essential for reproduction and the survival of the infant.  The rate of human 
development as compared to our closest related primates shows evidence of significant 
slowing, or what is called neoteny (Panksepp, 1998).  In addition to this, because of changes 
occurring to the structure of the female pelvis, which accompanied the transition to bipedal 
locomotion, the timing of birth appears to be much earlier than similar primates (Clutton-
Brock, Albon, & Guinness, 1981). This results in human neonates being developmentally 
one of the least physiologically developed and most vulnerable of primate species (Curley & 
Keverne, 2005).  Human neonates therefore require very significant amounts of what 
evolutionary thinkers refer to as ‘parental investment’ delivered in the form of postnatal care 
(Clutton-Brock et al., 1981; Clutton-Brock, Albon, & Guinness, 1985; Flinn, Ward, & 
Noone, 2005).  This means that the human infant is dependent on their primary caregiver to 
recognize the infant and have the motivation and behaviour to provide warmth, comfort, 
food and protection (Douglas, 2010).  Therefore, the infant is highly vulnerable and 
sensitive to the environment and postnatal care which essentially shapes the course of their 
development (Flinn et al., 2005).  It is in this immediate postnatal environment where the 
infant is highly immature and vulnerable that the attachment relationship between mother 
and infant has historically been understood to begin and develop over the following three 
years of life.  This attachment relationship is thought to develop as a result of interaction 
between environmental factors being the parent, and genetic factors leading to a stable 
pattern of attachment related behaviours increasingly resistant to change (Bowlby, 1971, 
1988, 1991).  
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 One of the cornerstones of attachment theory is the assertion that the parent’s own 
internal working model of attachment, derived from their own childhood experience of 
being parented, that will strongly influence the interaction between the parent and child 
(Ainsworth & Bell, 1970.  Internal working models are defined as the cognitive framework 
for understanding the relationships between the world, the self and others.  These internal 
working models are comprised of mental representations that are derived from an 
individual’s own childhood experiences of attachment relationships.  As an infant interacts 
with their caregiver they begin to integrate those experiences and memories to create 
cognitions regarding the interaction between self and others in attachment relationships.  It 
is these interactions and patterns of relationship representations that enable individuals to 
anticipate, interpret and respond to interactions with the partner in the dyadic relationship 
(Bowlby, 1951, 1971).  The formations of these internal working models are thought to be 
critical in the development of the child as they lay the foundation for social development 
across the lifespan (Bowlby, 1988).  
Internal working models are formed in the context of the mother’s emotional and 
cognitive sensitivity toward the infant.  Maternal sensitivity is defined as the ability to 
accurately perceive and interpret the infant’s signals and respond in an adequate and prompt 
way (Ainsworth & Bell, 1970; Bell, 1972). The ideal response is often considered to be 
synchronous and attuned with the infant’s emotional state (Leerkes, Weaver, & O'Brien, 
2012). This maternal sensitivity is critical to the development of a secure attachment with 
the child; it may be driven by the experience of closeness and attachment behaviours by the 
mother toward the fetus during pregnancy (Bell, 1972; Leerkes et al., 2012).  The parental 
responsiveness is the capacity to recognize attachment signals from the infant and respond 
appropriately to their needs.  This parental responsiveness is influenced by the parent’s own 
attachment representations, from past and present.  Mothers begin to demonstrate this 
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responsiveness of caring and attachment related behaviours toward the fetus during 
pregnancy, through health related behaviour, talking to the fetus, and conceptualizing it as a 
developing human (Alvarenga, Machado Dazzani, da Rocha Lordelo, dos Santos Alfaya, & 
Piccinini, 2013).  This essentially means that the degree to which the parent was responded 
to as a child influences their attachment behaviours, maternal sensitivity and in turn their 
child’s attachment status (van IJzendoorn, 1995).   
It is evident that the attachment relationship is a phenomenon essential for survival.  
Given the immaturity of the human neonate, the attachment relationship guarantees 
proximity ensuring safety and care is provided.  In order for this dyadic relationship to 
operate, the mother needs to be sensitive toward the infant and respond accordingly.  The 
infant gradually internalizes emotional and cognitive experiences of this continued pattern 
of interaction over time.  This forms the basis for the infant’s internal working model that is 
the template from which future relationships are modelled.  This maternal sensitivity is 
initiated during pregnancy as the mother develops an attachment relationship with the fetus.  
1.3 Transmission of attachment from mother to offspring 
 Attachment is considered a relatively stable aspect of human psychology, which 
contributes significantly toward human development.  This section explores how this 
attachment style is transmitted from one generation to the next while perpetuating the 
stability of this relationship style.  It is important to understand the transmission of 
attachment in order to establish the pivotal role that the early maternal-fetal attachment may 
play in ongoing development across generations.   
It is understood that the infant parent relationship is the outcome of the exchange of 
interactions between the two over the first critical 12 months of the infant’s life (Bowlby, 
1988; Main, Kaplan, & Cassidy, 1985).  These interactions are internalized very early on by 
the infant and subsequently form the infant’s mental representation, expectations and 
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evaluations of relationships throughout their life course (Crawford & Benoit, 2009).  These 
mental representations, schemas and behaviours can in some cases be altered over time, 
however they are relatively resistant to change (Bowlby, 1971, 1988, 1991; Fonagy, 1991).  
It is this stability across time that allowed Bowlby to identify that attachment had the 
propensity to be transferred from one generation to the next (Bowlby, 1991).  Being able to 
understand this transmission of attachment from one generation to the next is critical due to 
the devastating effects that insecure and disorganized attachment can have on the infant’s 
brain development; and overall mental and physical wellbeing (Hesse & Main, 2000a). 
 Maternal sensitivity toward the infant has continually been the identified method in 
which attachment is transferred from one generation to the next (van Ijzendoorn, 1995).  
Evidence for this has been shown in a recent meta-analysis that demonstrated that the 
concordance between parents AAI secure attachment status and the infants secure 
attachment status, determined by the SSP, were 75%.  This supported previous findings in 
which AAI status for primiparous women was able to predict whether, at 12 months of age, 
the infant would have secure or insecure attachment to its mother in 75% of cases (Fonagy, 
1991).  Additional studies have found that AAI classification remains stable from pregnancy 
to 11 months after birth in 77% of mothers when a four-category classification was used 
(Benoit, 1994).  Interestingly, this study found that the majority of changes in attachment 
status occurred in the unresolved category with four cases ceasing to be unresolved after the 
birth of their child and 11 cases becoming unresolved after the birth of their child (Benoit, 
1994).  In concordance with this, the results of a meta-analysis of nine studies found that 
there is a relationship between parents representations of adult attachment or their 
attachment state of mind and their sensitivity to responsiveness toward their infant in both 
free play and structured settings (Crawford & Benoit, 2009; Hesse, 1996; Hesse & Main, 
2000b; van Ijzendoorn, 1995). 
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These research findings provide empirical evidence that there is validity and cross-
generational stability in the adult’s state of mind in respect to attachment (Benoit, 1994; van 
Ijzendoorn, 1995).  However, there needs to be some level of caution when interpreting this 
evidence as many of the sample populations were positively skewed toward secure 
populations.  Given that previous research has found the most variation in attachment 
representation occurred with unresolved category, it may be that the insecure groups show 
greater variation across generations (Crawford & Benoit, 2009). 
Additionally, within such literature there appears to be a tendency to measure the 
mothers attachment retrospectively; the difficulty with this is that the mother’s own 
attachment status may in fact be altered and reconstructed as a result of her evolving 
relationship with her newborn (Fonagy, 1991).  Therefore, the current study aims to address 
this gap in the literature by measuring the mother's attachment status before the progression 
of pregnancy in order to get the most accurate attachment baseline as possible (Galbally et 
al., 2011). 
It is evident that there is a transmission of attachment from one generation to the 
next.  In order to understand this transmission van IJzendoorn (1995) developed a model of 
casual influences.  The model indicates that the parent has a set state of mind in regards to 
attachment. That is they have a mental representation about attachment that was established 
when they were a child with their parents.  This attachment mental state has been shown to 
influence the parent’s responsiveness and sensitivity toward the child at a correlation of .34.  
The maternal sensitivity or responsiveness in turn influences the child’s attachment security 
with a correlation of .32.  Importantly, this model identified that there is an influence from 
the parent’s adult attachment on the child’s attachment security, which is through 
mechanisms other than maternal sensitivity (van IJzendoorn, 1995).  It is possible that this 
unexplained influence on child attachment status might be reduced when studies are 
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conducted both through the antenatal period as well as the first year of life rather than 
retrospectively later in childhood (Benoit, 1994). 
The transmission of attachment from one generation to the next is an important 
consideration when investigating attachment.  It appears that this transmission may begin as 
early as during pregnancy; however, there is a need for further research.  The current study 
aims to contribute important preliminary data by measuring the maternal-fetal attachment 
during pregnancy rather than retrospectively.  It is acknowledged that further postnatal work 
to build on this data is essential; however, it is beyond the scope of the current thesis.  
1.3 Maternal-fetal attachment   
The theory of maternal-fetal attachment has evolved over time to become a construct 
of considerable interest within the attachment literature. Maternal-fetal attachment is 
defined as the way in which the mother conceptualizes the fetus as a human being; this 
occurs on a cognitive, emotional and physical level (Alhusen, 2008; Brandon et al., 2009; de 
Jong-Pleij et al., 2013). The beginnings of the theoretical framework for maternal-fetal 
attachment occurred within the field of nursing, specifically midwifery.  Rubin (1975) 
argued that the postnatal attachment between mother and infant was a result of processes 
occurring in the prenatal period.  Rubin (1975) suggested that a number of tasks were 
undertaken during pregnancy that enabled the mother to conceptualize the experience of 
pregnancy and develop an emotional attachment to the fetus.  Cranley (1981) subsequently 
developed a scale to measure maternal-fetal attachment and defined maternal-fetal 
attachment as the maternal behaviours that demonstrated an interaction with the fetus.  
Critics of this conceptualization of maternal-fetal attachment argued that it was solely based 
on behaviour and neglected to incorporate the affective or cognitive affiliation between 
mother and fetus (Muller, 1992; Condon, 1993 ).  As such, a new model of maternal-fetal 
attachment was developed suggesting that the mother’s relationship with her own mother 
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resulted in internal working models guiding her interaction with family and partner.  This 
then facilitated the mother to adjust to pregnancy and attach to her fetus (Muller, 1990).  As 
the theory of maternal-fetal attachment developed it became apparent that there was 
variation in the conceptualization of the construct.  More recently, there has been an effort 
to combine the emotional cognitive and behavioural conceptualizations of maternal-fetal 
attachment (Brandon et al., 2009; Lumley, 1982) 
The current theory of maternal-fetal attachment postulates that this is a 
multidimensional construct.  According to Condon and Corkindale (1997), maternal-fetal 
attachment consists of two key aspects.  Firstly, the quality of the attachment encompasses 
cognitions and affective responses.  It is the manner in which the mother is able to 
conceptualize and visually imagine the fetus, as a human being.  It is also the affective 
responses that are elicited in the mother, thoughts of happiness, excitement as well as more 
negative affectivity including fear of loss of the fetus.  Secondly, maternal-fetal attachment 
is determined by the quantity of maternal-fetal attachment that is the frequency and intensity 
of the attachment experiences and behaviours.  This is generally evidenced by the number of 
attachment related behaviours from the mother including talking to the fetus, having pet 
names for the fetus, fantasizing about a future with the unborn child, imagining the fetus 
(Brandon et al., 2009; Doan & Zimerman, 2003).  Similar to adult and infant attachment, 
four types of maternal-fetal attachment have been developed by Condon and Corkindale 
(1997).  The positive preoccupied pattern of attachment is characterized by mothers who 
spend a significant amount of time thinking about the fetus and experience feelings of 
nurturance and closeness to the fetus.  Similarly, the positive disinterested mother is also 
attached to the fetus, but is distracted or avoidant; this leads to spending less time 
experiencing that attachment.  Comparatively, the negative preoccupied mother shows a 
level of attachment, but the quality of this attachment is generally negative; they are 
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affectless, ambivalent or anxious about the fetus.  Finally, the negative disinterested mother 
demonstrates little, if any attachment toward the fetus, and experiences negative affect 
toward the fetus.  In this situation, the fetus is considered to be invasive and the mother 
experiences hostility, anger, resentment and anxiety toward the fetus. This results in patterns 
of maternal behaviour that are adverse to the fetus.   
  Not dissimilar to attachment style, the fundamental framework for the capacity of a 
woman developing an attachment to her fetus is thought to begin in childhood.  The skills, 
strategies and antecedent conditions for maternal-fetal attachment have their origins in very 
early childhood and develop through adolescence and adulthood; baseline levels of 
maternal-fetal attachment are determined in the first trimester (Doan & Zimerman, 2007).  
This supports the notion that attachment is transmitted across generations, with the mother’s 
own internal working model of attachment informing the first stage of attachment with her 
fetus during pregnancy. Research has repeatedly demonstrated that the general course or 
trend for maternal-fetal attachment starts at a low level during the first trimester but it 
develops and progressively increases over the course of the pregnancy, depending on a 
range of other factors (Cannella, 2005; Doan & Zimerman, 2007).  
 The development of maternal-fetal attachment appears to be dependent on a range of 
interacting factors. A number of studies have investigated the factors influencing the 
development of maternal-fetal attachment.  There appears to be risk and protective factors 
from a range of cognitive, emotional and behavioural domains in the development of 
maternal-fetal attachment during pregnancy (Alhusen, Gross, Hayat, Rose, & Sharps, 2012; 
Bouchard, 2011; Doan & Zimerman, 2007).  (Pollock & Percy, 1999 Not surprisingly, 
pregnancy related factors have been repeatedly found to contribute to maternal-fetal 
attachment, including maternal primiparity, hormonal levels, fetal movement and the ability 
to view ultra sound screening (Doan & Zimmerman, 2007; de Jong-Pleij et al., 2013). As 
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expected, maternal factors play a significant role in the development of maternal-fetal 
attachment.  Doan and Zimmerman (2008) constructed a developmental model of maternal-
fetal attachment.  This model identified that maternal empathy and the cognitive ability to 
mentally represent the fetus were the two variables considered to be the most imperative for 
the development of maternal-fetal attachment.  Furthermore, maternal attachment status and 
the mother’s experience of being parented by her own parents have also been found to 
contribute to the development of maternal-fetal attachment (Doan & Zimerman, 2007; 
Siddiqui, Hagglof, & Eisemann, 2000).   
In their study of 161 Swedish women, Siddiqui et al. (2000) investigated the 
association between childhood experiences of parenting and prenatal attachment.  The study 
utilized the Prenatal Attachment Inventory to measure maternal-fetal attachment and 
measured childhood memories parenting using the EMBU Own Memories of Child Rearing 
questionnaire.  The study found that the mother’s own experience of being parented 
significantly contributed to the ability of the mother to attach to her fetus.  Those mothers 
who had experienced greater warmth from their mothers were better able to establish 
positive quality attachment to fetus.  The study presented some limitations as there did not 
appear to be any examination of potential covariates and the maternal-fetal attachment was 
only captured at one time in late pregnancy.  The current thesis also aims to investigate the 
association between childhood experiences of parenting and maternal-fetal attachment, 
however aims to measure maternal-fetal attachment at multiple time points across 
pregnancy and examine a range of potential covariates.   
Maternal mental health variables including anxiety, depression and personality 
disorders have also been repeatedly found to be associated with the development of 
maternal-fetal attachment (Alhusen, 2008; Goecke et al., 2012; Mikulincer & Florian, 1999; 
Pollock & Percy, 1999).  Mikulincer and Florian (1999) conducted a study investigating the 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
41 
association between maternal attachment style and maternal-fetal attachment.  A group of 
30 women were classified in terms of their attachment and assessed at each trimester of 
pregnancy.  Maternal-fetal attachment was measured using the Maternal Fetal Attachment 
Scale, Mental health was assessed using the Mental Health Inventory and Coping was 
assessed via the Ways of Coping Checklist.  The findings showed that mothers who were 
securely attached had positive mental health, were able to help seek and had a strong 
attachment to the fetus from early pregnancy.  Comparatively, avoidant mothers had poor 
mental health and weak attachment to the fetus, while mothers with anxious attachment 
showed negative mental health but a gradual increase in attachment to the fetus across the 
course of pregnancy.  
 In concordance with this, a longitudinal study of 166 women was conducted to 
investigate the association between maternal mental health, maternal-fetal attachment and 
toddler outcomes.  The authors found that depressive symptoms, as measured by the 
Edinburgh Postnatal Depression Scale, were a significant predictor of maternal-fetal 
attachment, along with social support (Alhusen et al., 2012).  More recently, a study of 161 
primiparous women found that quality of fetal attachment as assessed by Maternal Antenatal 
Attachment Scale was negatively associated with maternal depressive symptoms as 
measured by the Edinburgh Postnatal Depression Scale (Goecke et al., 2012).  The current 
study aims to build on the body of literature identifying contributing factors to the 
development of maternal-fetal attachment by measuring maternal-fetal attachment at 
multiple time points throughout he pregnancy.  Furthermore, it aims to incorporate both 
maternal attachment factors, including how the individual experienced bonding and 
parenting with their own parents, and maternal mental health factors contributing to 
maternal-fetal attachment. 
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It is imperative to establish a clear understanding of maternal-fetal attachment given 
that research has found it to be associated with a number of maternal and infant outcomes.  
First and foremost, it has been found to be associated with maternal health behaviour, 
ensuring the safety and development of the fetus.  This enables the mother to actively 
engage in maternal self care that provides an optimal in-utero environment for the fetal 
development, compared with poor maternal-fetal attachment which has been linked with 
negative experiences of the fetus (Brandon et al., 2009; Pollock & Percy, 1999).   
A small study of 40 women investigated the association between maternal 
attachment and harm to fetus.  During pregnancy participants completed the Maternal 
Antenatal Emotional Attachment Scale to measure maternal-fetal attachment, Millon’s 
Clinical Multiaxial Inventory-2 (MCMI- 2) to assess mental health and questions regarding 
irritation with fetus.  The findings showed that while negative disinterested maternal-fetal 
attachment was not associated with any intention to harm the fetus, negative preoccupied 
maternal-fetal attachment was associated with increased likelihood of irritation with fetus.  
Importantly, these findings were compounded by the likelihood of this group to have 
significant mental health issues such as personality, mood and anxiety disorders (Pollock & 
Percy, 1999). Secondly, maternal-fetal attachment has been linked with the development of 
the attachment relationship between mother and infant in the postnatal period (Araneda, 
2010; Muller, 1992; Muller, 1996; Rackett, 2010).   
A study of 228 pregnant women measured maternal-fetal attachment, via the 
Prenatal Attachment Inventory, and postnatal attachment, using a combination of the 
Maternal Attachment Inventory and Maternal Separation Anxiety Scale.  The findings 
demonstrated a modest correlation between prenatal and postnatal attachment (r = 0.41, p < 
0.001).  The authors did caution that given the modest correlation size, it would be expected 
that there would be a number of other factors not included in the study contributing to the 
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postnatal attachment.  This raises the question of the potential influence of maternal 
attachment, maternal experiences of child rearing and mental health in the development of 
attachment (Muller, 1996).  Additionally, research has found that maternal-fetal attachment 
may be associated with childhood developmental outcomes.  When compared to mothers 
with lower maternal-fetal attachment and less secure attachment styles, mothers with higher 
levels of maternal-fetal attachment were more likely to have secure attachment styles.  
Children of these mothers had more optimal developmental outcomes including domains of 
gross and fine motor, communication, problem solving and personal social, according to the 
Ages and Stages Questionnaire in toddlerhood (Alhusen, Hayat, & Gross, 2013).   
The benefits of maternal-fetal attachment also extend to the mother, maternal-fetal 
attachment may actually serve as a protective factor against the development of postnatal 
depression; which has flow on effects for not only the attachment relationship between the 
mother and infant, but also for the overall cognitive, social, emotional and physical 
development of the child (Alvarenga et al., 2013; Goecke et al., 2012).  It is evident that 
there is growing research indicating that the potential outcomes for both the mother and 
infant as a result of maternal-fetal attachment are significant, emphasizing the need for a 
greater understanding of maternal-fetal attachment.  
 Despite the growing body of evidence for maternal-fetal attachment, there is debate 
within the literature as to whether or not this is in fact a genuine form of attachment.  One of 
the key arguments against maternal-fetal attachment is that while it is a complex construct, 
it is not a genuine attachment relationship as defined by attachment theorists.  Walsh (2010) 
argued that a true attachment relationship is defined as a reciprocal interaction which is 
predominately care seeking.  Maternal-fetal attachment, however, is argued to be a 
predominately one-way interaction, defined by the maternal caregiving (Brandon et al., 
2009; Walsh, 2010).  While there is deviation from the traditional conceptualization of 
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‘attachment’ relationships; however, it could be reasonably argued that there is clear 
evidence of a reciprocal relationship based on the care seeking and care giving systems.  
Essentially, the fetus is dependent on the mother for its survival and development, which is 
care seeking.  In turn, the mother engages in health related behaviours to protect the fetus 
and create an environment for optimal development, which is care giving.  The fetus 
reciprocates the care giving behaviour by responding to the mother with fetal movements, 
and its growth and development. (Maas, Vreeswijk, Braeken, Vingerhoets, & van Bakel, 
2014).  Furthermore, maternal-fetal attachment may be seen as the precursor to the 
development of the traditional attachment relationship and not only has a role in 
determining the attachment status of the infant, but is also associated with a number of other 
postnatal outcomes for both mother and baby (Alhusen et al., 2013; Cannella, 2005). 
Previous Reviews of Maternal-fetal attachment. 
 In an effort to synthesis the current literature to draw out the current understanding 
regarding maternal-fetal attachment, a number of reviews into the area have been conducted.  
Muller (1992) conducted a general review and critique of the 22 studies investigating 
maternal-fetal attachment. The results showed that across these studies, factors associated 
with higher maternal-fetal attachment included social support and greater maternal 
psychological wellbeing.  Comparatively, factors associated with lower maternal-fetal 
attachment included maternal psychopathology and substance use.  While the review 
identified that the consistent use of the Maternal Fetal Attachment Scale was a considerable 
strength in this body of literature; a number of concerns were also identified. The review 
highlighted the limitations of the empirical findings due to the small homogenous samples 
and vast differences in methodologies, making comparisons across studies difficult.  The 
author suggested that these limitations may have contributed to some of the inconsistent and 
contradictory findings, resulting in the need for the interpretation of findings to be done with 
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caution.  The author stressed the need for future research to identify factors influencing 
maternal-fetal attachment in larger sample sizes with greater population diversity.    
Similarly, Cannella (2005) reviewed 41 studies and argued that while research into 
maternal-fetal attachment has started, a strong substantive body of knowledge has not been 
established and therefore further expansion is required through continued research with a 
range of study designs.  The author found that longitudinal studies were of the highest 
standard with findings consistently demonstrating a gradual increase in maternal-fetal 
attachment across pregnancy.  The author highlighted serious limitations across the 
literature, including poor methodologies such as the lack of sound sampling and data 
analysis, measures with inadequate psychometric properties, and the relationships 
investigated not being driven by a theoretical framework as limiting the interpretability of 
the body of literature and subsequently calling for future research.   
Most recently, a meta-analysis was conducted in order to identify predictors of 
maternal-fetal attachment.  In their review of 72 studies of maternal-fetal attachment, 
Yarcheski, Mahon, Yarcheski, Hanks, and Cannella (2009) found 14 predictors.  The 
authors found that gestational age had a substantial effect size, whereas social support and 
prenatal testing had moderate effect sizes.  The meta analysis found that 10 predictors had a 
low effect size in predicting maternal-fetal attachment including maternal mental health 
factors, such as self-esteem, depression and anxiety; pregnancy factors such as planned 
pregnancy and parity; and demographic factors including age, ethnicity, marital status, 
income and education.  The meta-analyses indicated that overall there were small effect 
sizes for theoretical predictors including depression and anxiety.  The authors argue that the 
lack of stability in effect sizes warrants further research to investigate the predictive validity 
of these theoretical factors for maternal-fetal attachment.  The authors argued that overall 
the meta analysis found that there were some consistent predictors of maternal-fetal 
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attachment; however, continued research is required to clearly establish factors predictive of 
maternal-fetal attachment.  The current thesis aims to add to this body of knowledge by 
clarifying the areas that remain unclear in the literature including examining the predictive 
factors of maternal-feta attachment. 
The theory of maternal-fetal attachment has developed over time and the body of 
literature, while established evidently requires further research.  The current literature has  
identified not only the existence of an attachment between mother and the developing fetus, 
but also various factors contributing to the development of this attachment (Alhusen, 2008).  
Reviews into maternal-fetal attachment have generally highlighted that the empirical 
findings to date have been identified as inconsistent; subsequently, yielding inconclusive 
findings (Brandon et al., 2009; Maas et al., 2014).  As such, further research into this area is 
required to help further build the body of knowledge and generate consistent conclusive 
findings.  This is important given the potential long standing implications and outcomes that 
may result from the maternal-fetal attachment.  Longitudinal research is needed to further 
the understanding of the predictors and outcomes of maternal-fetal attachment for both 
mother and infant.  This research would clearly benefit from including psychological and 
biological perspectives (Cannella, 2005).  
 The aim of the current study is to draw upon this body of knowledge and further 
explore the relationship between maternal-fetal attachment and maternal factors across the 
course of pregnancy.  The aim of the study is also to investigate psychological and 
biological predictors of maternal-fetal attachment using psychometrically sound measures 
and sound methodology measuring variables at multiple time points in pregnancy.  While it 
is acknowledged that it would be preferable to extend the longitudinal study into the 
postnatal period, this is beyond the scope of the current thesis.  Therefore the aim of the 
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current study is to provide preliminary data and lay the groundwork for further longitudinal 
studies.  
CHAPTER 2: Biology of Attachment 
This chapter presents a brief account of the biological correlates of attachment 
beginning with a brief introduction to the biology of attachment.   Following this as the 
evidence for the biological understanding of attachment has predominately occurred via 
animal studies, an overview of maternal priming in animals is discussed.  This discussion of 
animal models is presented in order to provide a framework for our understanding of the 
biological mechanisms of maternal behaviour and attachment.  It will then focus in detail on 
oxytocin as the prime hormone underpinning attachment.  It will examine the body of 
literature in both animal and human studies to establish the underlying mechanisms that link 
oxytocin to attachment relationships. 
The strong link between romantic love and maternal attachment indicates that these 
are likely to share a close evolutionary origin and similar neural mechanisms (Bartels & 
Zeki, 2004).  Brain activation studies have shown that brain activity for both maternal 
attachment and romantic love occurred in specific areas of the brain; this suggests a 
biological underpinning for maternal attachment (Bartels & Zeki, 2004).  The idea that the 
transmission of attachment from mother to infant, to some extent, occurs during pregnancy 
(via biological mechanisms) may be crucial in understanding the additional influences on 
the development of attachment (Curley & Keverne, 2005; Galbally et al., 2011).  
The ongoing biological changes that prepare a woman’s body for birth, in most 
cases, also prepare her to be maternally nurturing (Panksepp, 1998).  There are evident 
physical, emotional, and cognitive changes in the woman across the course of pregnancy; 
however, the biological processes underlying these changes are relatively unclear (Francis, 
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Diorio, Liu, & Meaney, 1999).  These biological mechanisms involved in priming the 
woman physically, emotionally and cognitively for the birth of a child, may also contribute 
to the development of maternal-fetal attachment.  Research has shown that one of the 
primary hormones that have been identified in playing a critical role in the development of 
maternal-fetal attachment during pregnancy is oxytocin (Panksepp, 1998).  Interestingly, 
research has found a wide range of individual variability in maternal-fetal attachment and 
oxytocin levels throughout pregnancy (Levine et al., 2007).  This raises the question about 
the role of oxytocin in the development and variability of maternal-fetal attachment. 
This is a new and developing area of study and is faced with many methodological 
challenges when applied to human studies (Galbally et al., 2011).  To date, majority of 
research has been conducted with animal models, predominately rats and sheep, hence 
conclusions drawn from the research is somewhat limited (Panksepp, 1998).  The current 
study aims to specifically investigate the biological underpinnings of maternal-fetal 
attachment that occurs throughout the prenatal period. 
2.1 Maternal Care in Animals 
Animal studies have enabled a greater understanding into the biological mechanisms 
behind maternal behaviour.  Research has found evidence to support the notion that 
maternal priming, that is what prepares the mother to act maternally towards the offspring, 
may occur during pregnancy (Caldwell & Young, 2006).  It is understood that this prenatal 
process involves pheromones, which trigger hormonal responses and in turn generates a 
capacity to provide maternal care toward the offspring (Talge et al., 2007; Weaver et al., 
2004).  Evidence for the existence of maternal priming in animals has been shown in a study 
where ovariectomized nulliparous rats were induced with the hormonal regimes of late 
stages of pregnancy.  This included various doses of estradiol and progesterone 
administered to virgin rats, which was subsequently found to facilitate the expression of 
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maternal behaviour (Bridges, 1984).  Additionally, oxytocin injected 
intracerebroventricularly into the rat has been shown to also induce maternal behaviour 
(Lim & Young, 2006; Pedersen & Boccia, 2002). 
Animal studies have consistently found that there are specific neuro-endocrine 
factors involved in maternal priming and the formation of attachments between individual 
mammals (Carter, 1998; Insel & Young, 2000; Kendrick et al., 1987; Pedersen & Boccia, 
2002).  More specifically, oxytocin has been identified as having a primary role in 
facilitating species-specific social and reproductive behaviours (Donaldson & Young, 
2008).  Neuroendocrine, cellular and behavioural studies of various species of mammals 
have shown that the hormone oxytocin is involved in the formation and maintenance of 
attachment (Levine et al., 2007; Takagi et al., 1985).  This suggests a tight coupling between 
attachment process and the neural systems for reward (Insel & Young, 2000; Pedersen & 
Boccia, 2002).  
2.2 Oxytocin in Animals 
Oxytocin has been identified as one of the prime hormones in social relationships 
(Insel & Young, 2000) and is therefore the focus of the current thesis.  Majority of the work 
in this field has occurred within animal models where more invasive scientific research can 
be conducted (Donaldson & Young, 2008).  The results from the animal model studies give 
critical information in understanding of the role of oxytocin in maternal care and priming 
toward maternal care (Galbally, Lewis, Ijzendoorn & Permezel, 2011). 
Oxytocin is a nine amino acid cyclic neuropeptide produced in the brain that has 
well characterized functions on both peripheral reproductive tissues and in the central 
nervous system (Evans & Anderson, 2012).  Oxytocin is synthesized primarily in the 
magnocellular neurons in the hypothalamus, which project directly into the pituitary where 
it is released into the bloodstream (Hansen, Hansen, & Scharrer, 1982; Kalamatianos et al., 
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2010).  Physiologically and behaviourally, oxytocin regulates reproduction across species in 
a range of ways.  Oxytocin has peripheral effects on lactation and uterine contractions, 
central effects on sexual behaviour, maternal behaviour and pair bonding (Caldwell & 
Young, 2006;  Feldman, 2012a; Feldman et al., 2007; Francis et al., 2000; Galbally et al., 
2011). 
Animal studies have demonstrated the role that oxytocin plays in maternal 
behaviour.  One of the first animal studies to suggest that oxytocin played a role in maternal 
behaviour was with non-pregnant sheep that had previously given birth.  The research found 
that when these sheep were stimulated with both vagino-cervical stimulation and centrally 
injected oxytocin, they could demonstrate maternal behaviour toward non-biological young 
(Kendrick et al., 1987).  Additionally, oxytocin receptor levels in brain regions of rats have 
been previously shown to regulate maternal behaviour (Cameron et al., 2005; Champagne, 
Diorio, Sharma, & Meaney, 2001). Virgin rats, which would usually avoid or attack pups, 
when injected with oxytocin into the cerebral ventricles (ICV) demonstrated nurturing 
maternal behaviour within two hours of being presented with the pup (Pedersen & Boccia, 
2002).  This indicates that as oxytocin, along with other hormones such as estrogen, cross 
the blood brain barrier they may subsequently act to change the functioning of motivational 
systems in the limbic region of the brain.  This alteration in neurological functioning may in 
turn increase the probability of spontaneous maternal care in virgin rats by altering the 
salience of infant cues, and potentiating reward systems linked to maternal type behaviours 
such as licking, grooming, nursing and so on (Pedersen & Boccia, 2002). Thus, oxytocin 
levels in the brain have been attributed to the naturally occurring variations in maternal 
behaviour of rats (Francis et al., 2000).   Research into the prairie vole has been identified as 
a good determinant for the role of oxytocin in humans because similar to humans they are a 
socially monogamous species in which both females and males care for the young (Insel & 
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Young, 2000).  In this species, oxytocin was found to play an important role in regulating 
maternal behaviour toward both biological and non-biological young.  Injections of oxytocin 
antagonist into the brain of the prairie voles impeded the expression of maternal behaviour; 
highlighting the critical role that oxytocin specifically plays in the maintenance of maternal 
behaviour toward offspring (Insel & Young, 2000). 
It is well documented that oxytocin pays a role in the maintenance of attachment and 
bonding in animals, however oxytocin has many simultaneous roles and the oxytocin 
receptors are widely distributed.  As such, further research to clarify exactly how and where 
oxytocin acts is required (Douglas, 2010). While animal studies have been ground breaking 
in informing the growing research with humans, there are substantial limitations in drawing 
inferences from animals to humans.  Research findings have demonstrated significant 
differences in oxytocin receptor distribution even in very closely linked species, with each 
species having its very own unique patters of expression and regulation of oxytocin (Insel & 
Young, 2000).   
2.3 Oxytocin in Humans 
As early as the 1950’s, oxytocin was found to be associated with human functions 
such as lactation and sexual function (Bakermans-Kranenburg & van Ijzendoorn, 2008; 
Donaldson & Young, 2008), and the role of oxytocin in relation to social behaviour has 
been studied extensively in non-human mammals (Galbally et al., 2011).  Despite this, little 
is known about the role of oxytocin in attachment, maternal behaviour and priming in 
humans; and whether these processes function similarly to those in animals (Cho, DeVries, 
Williams, & Carter, 1999; Evans & Anderson, 2012).  The current section aims to discuss 
the role of oxytocin in humans by exploring the current research to identify how it may be 
linked with human attachment. 
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A growing body of literature is demonstrating that oxytocin may play a role in 
maternal behaviour and attachment.  Feldman, et al (2007) conducted one of the first studies 
to investigate this association. The study found that maternal oxytocin levels across 
pregnancy and the postpartum period were associated with maternal attachment behaviours.  
This suggests that the neuroendocrine system, which plays a critical role in attachment and 
maternal behaviour in non-human mammals, may in fact play a similar role in humans.  
Replicating these findings, Levine et al (2007) conducted a study with 78 pregnant women 
and measured oxytocin plasma levels and maternal-fetal attachment at multiple time points 
across pregnancy. The results found that increase in levels of oxytocin from early to late 
pregnancy was associated with increase in maternal-fetal attachment.  The findings also 
showed a wide range of overall oxytocin levels that were predominately higher than 
expected.  This supports the notion that oxytocin plays a role in priming the mother for 
maternal behaviour and building an attachment with the fetus (Levine et al., 2007).  While 
these studies measured the plasma oxytocin levels across the pregnancy, there was no 
measure of maternal attachment status; therefore, the influence of transmission of 
attachment and the influence of attachment status on maternal bond was not accounted for 
(Galbally et al., 2011).   Contrary to these findings, Bick and Dozier (2010) found that 
oxytocin levels were higher in mothers following interactions with unfamiliar children 
compared to interactions with their own children.  It was argued that these unexpected 
findings might be indicative of oxytocin playing a role in initiating but not maintaining 
maternal behaviour (Bick & Dozier, 2010).  However, these findings have, to date, not been 
replicated and are not in concordance with animal studies. 
A recent systematic review conducted on literature up to 2011 found that of all 
studies relating to the role of oxytocin on maternal infant attachment in humans, there have 
only been eight studies conducted within the last four years (Galbally et al., 2011).  Of those 
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studies, the populations and methodologies varied dramatically and only two of the six 
studies examined the role of oxytocin in pregnant or postpartum women.  The findings of 
this review showed that while there was evidence for the role of oxytocin in maternal-fetal 
attachment, these findings are from preliminary studies.  This suggests that development in 
this area, including the replication of studies with larger sample sizes and more robust 
measures of oxytocin; and attachment and bonding, is required to gain a more robust and in 
depth understanding (Galbally et al., 2011).   
Review of the literature has clearly established the role that oxytocin plays in both 
social affiliation and maternal care in animal models.  The aim of the current thesis is to 
investigate the role of oxytocin in maternal-fetal attachment in the prenatal period.   
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
54 
CHAPTER 3: Maternal Mental Health in Pregnancy 
 
 This chapter presents a detailed discussion on maternal mental health during the 
prenatal period.  It is widely acknowledged that maternal mental health can result in adverse 
outcomes for both the mother and child.  It is also widely acknowledged that there is a 
elevated incidence of the high prevalence disorders such as depression and anxiety in the 
general population, and that this is higher for pregnant women.  As such, the current thesis 
aims to explore the role that maternal mental health may play in the development of the 
maternal-fetal attachment relationship.  The current chapter focuses specifically on 
depression, anxiety and stress given that these high prevalence disorders are known to occur 
at a high rate through pregnancy and can have debilitating effects on functioning.   The aim 
of the current chapter is to provide an overview of the psychobiology of mental health 
before providing a discussion on how experiences of maternal mental health impact not only 
on the mother but also on the developing fetus.  The chapter further aims to draw links 
between hormones including cortisol and oxytocin, maternal mental health and attachment 
relationships.  
3.1 Anxiety, Stress and maternal behaviour 
3.1.1 Anxiety, Stress, Maternal Behaviour and the Developing Infant 
This section presents a brief overview of the psychobiology of anxiety and stress.  It 
then discusses how this psychological and biological process impacts on the mother and 
infant during pregnancy.  It then discusses the role of cortisol as the hormone produced in 
response to anxiety and stress, and how this may impact the mother and child.  The chapter 
will conclude by discussing the association between anxiety and oxytocin demonstrating the 
complexity of oxytocin in relation to stressful experiences. 
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Humans, like animals, function to maintain an equilibrium or homeostasis which is 
continually challenged by external forces and stressors (Osuch et al., 2004).  During times 
of stress, attention is enhanced as the brain focuses on the perceived threat. Cardiac and 
respiration are accelerated, catabolism is increased and blood flow is redirected to provide 
the highest perfusion and fuel to the aroused brain, heart and muscles (Tsigos & Chrousos, 
2002).  Physiologically, stress and anxiety is indicated by activation of the hypothalamic 
pituitary adrenal axis (HPA) (Tsigos & Chrousos, 2002).   
 The HPA axis is an elaborate system of checks and balances geared to adaptively 
respond to stressful stimuli and, upon resolution of the stressor, to return to baseline of 
homeostasis (Charney & Nestler, 2009).  The HPA axis operates by releasing corticotrophin 
releasing factors (CRF) from the hypothalamus that then stimulate the release of 
adrenocorticotrophic hormone (ACTH) from the pituitary glands into the general blood 
stream (Tsigos & Chrousos, 2002).  ACTH then stimulates the release of glucocorticoid 
hormones from the adrenal cortex that includes cortisol in humans, and catecholamine’s, 
which are responsible for the increase in heart rate, contraction of blood vessels and dilated 
air passages (Clark, 1998; Muglia & Jacobson, 1995; O'Brien, Ames, & Schweitzer, 1993).  
It is the role of the HPA axis to not only respond quickly to stressful situations, but also to 
rapidly terminate the stress response (Tsigos & Chrousos, 2002; Yuuki et al., 2005).  The 
HPA axis regulates itself through a negative feedback loop.  Cortisol crosses the blood brain 
barrier signalling the hypothalamus to reduce corticotrophin-releasing hormone.  In 
response to less corticotrophin being produced, there is a decrease in adrenocorticotropic 
hormone being produced by the pituitary gland.  This in turn stops the signal to the adrenal 
gland to produce cortisol (Evanson, Tasker, Hill, Hillard, & Herman, 2010; Guerry & 
Hastings, 2011; Tasker & Herman, 2011).  This complex HPA system is essential in 
ensuring homeostasis is maintained; over activation of this system may result in sustained 
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release of cortisol and negative outcomes for the individual including psychopathology, 
impaired memory and physiological concerns such as heart disease and autoimmune disease 
(Charney, 2009).   
3.1.2 The role of Cortisol 
Cortisol is a steroid hormone that is produced by the adrenal gland that releases and 
controls the hypothalamus (Esposito, 2012).  In humans, cortisol levels are found to have 
diurnal variation.  That is, the cortisol levels peak in the early morning and are at the lowest 
between midnight and 4am (Esposito, 2012).  Cortisol plays a number of roles in human 
functioning; it has a major role in metabolism and immune response (Esposito, 2012).  It is 
released in humans during activation of the HPA axis and also plays a role in the activation 
of anti-inflammatory and anti-stress pathways via a negative feedback loop (Purves, 2008; 
Sriram, Rodriguez-Fernandez, & Doyle Iii, 2012).  
There is emerging evidence that suggests cortisol is transmitted from mother to fetus 
in utero. There is evidence for a strong correlation between maternal plasma and infant 
plasma of cortisol levels (Van den Bergh, Mulder, Mennes, & Glover, 2005). Fetal levels of 
cortisol have been found to be approximately ten times lower than maternal levels.  While 
this indicates that much of the maternal cortisol is metabolized, it appears that enough does 
in fact cross the placenta into the fetal side (Gitau et al., 2001).  It is understood that this 
cortisol exposure is likely to have clinically significant impacts on the fetus’ brain 
development, specifically the HPA axis, limbic system and prefrontal cortex (Gitau, 
Cameron, Fisk, & Glover, 1998; Gitau et al., 2001; Van den Bergh et al., 2005).   
This idea cortisol is transmitted from mother to fetus is further supported by the first 
study to assess concordance of diurnal cortisol levels.  The study measured cortisol levels 
across a two-day period for mothers with a history of depression, their daughters without a 
history of depression, and a control group.  The results showed that, as expected, a mother 
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with a history of depression and their daughters demonstrated higher levels of cortisol than 
those in the control group.  Furthermore, both within and across groups, mother and 
daughter cortisol levels were paired, suggesting a transmission of cortisol across generations 
and their daughters (LeMoult, 2015). These findings are further supported by findings in 
animal studies that have found that maternal behaviour in the rat permanently alters the 
HPA responses to stress in the pup (Leerkes et al., 2012). 
Evidence from Strange Situation Procedure (SSP) studies has indicated that there is a 
link between cortisol and attachment (Oberlander et al., 2008).  Research findings have 
shown rises in cortisol before and after the SSP, which is generally greater for avoidant, 
compared to securely attached infants.  Comparatively, disorganized infants exhibited the 
sharpest rise in cortisol levels after the SSP, indicating that this group of infants experienced 
significantly greater levels of distress than all other attachment groups (Spangler & 
Grossmann, 1993).  More recently, a study of 32 infants examined cortisol levels before, 
during, and after the SSP and a play task.  The findings showed that infants with a 
disorganized attachment had increased cortisol levels in response to the stressor in SSP 
when compared to the play task.  Comparatively, infants with secure attachment did not 
show a rise in cortisol for either the SSP or play task.  The authors argued that these findings 
indicated that maternal care might in fact have a buffering effect on the stress reaction in 
infants (Bernard & Dozier, 2010). 
 There are limited empirical studies that investigate the role of cortisol in the 
developmental of maternal-fetal attachment.  Evidence suggests that fetal exposure to 
maternal cortisol levels may have an impact on the fetal brain development.  When this is 
considered in combination with the identified link between cortisol and attachment in 
infancy, it may be reasonable to consider cortisol as a contributing factor in maternal-fetal 
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attachment.  This needs further exploration in empirical studies that measure cortisol across 
pregnancy, which the current thesis hopes to do.   
3.1.3 The link between anxiety, stress and oxytocin 
Oxytocin has been linked to anxiety and stress in both animal and human studies.  
There is increasing evidence that oxytocin is important in the modulation of anxiety in a 
variety of species.  Specifically in rats and mice, oxytocin has been found to function as an 
anxiolytic.  That is that anxiety like behaviours demonstrated in a range of animal species 
have been shown to decrease following the administration of oxytocin.  Interestingly, in 
animal studies, the regulation of anxiety through the use of oxytocin has been found to be 
strongest in females (Caldwell & Young, 2006).  
Empirical studies with humans have also found a link between the stress response   
and oxytocin.  Research has indicated that for parents who are in high stress circumstances 
or deprived settings, the association between oxytocin, serotonergic systems and parenting 
may be more pronounced (Bakermans-Kranenburg & van Ijzendoorn, 2008).  There is an 
individual difference in oxytocin expression, targeting and associated dopamine release that 
underlies the differences in behaviour.  This is crucial as oxytocin neurons are responsive to 
environmental conditions such as stress.  Thus, while oxytocin can act to modulate anxiety 
in the chronic presence of stress, the oxytocin neurons may become compromised in the 
mother’s brain before, during or after pregnancy.  This may in turn potentially impact on her 
ability to provide optimal maternal care to her offspring (Douglas, 2010). 
It is evident that exposure  to anxiety and stress in the prenatal environment can have 
a negative impact on both mother and developing fetus.  Therefore, it could be reasonably 
argued that maternal stress and anxiety may play a role in the development of maternal-fetal 
attachment, however there is limited research investigating this association.  The aim of the 
current thesis is to address this gap in the literature by looking at maternal anxiety, stress 
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cortisol and oxytocin levels across the course of pregnancy in an effort to understand how 
these factors may interplay and contribute to the development of maternal-fetal attachment. 
3.2 Depression  
This chapter continues to focus on the issue of maternal mental health discussing the 
high prevalence disorder of depression.  The understanding of the biology of depression is 
explored, followed by a discussion of the link between attachment and depression, 
highlighting the importance of considering depression as a compounding factor when 
investigating maternal-fetal attachment.  A review of the literature in relation to exposure to 
prenatal depression and the impact on fetal development is conducted to demonstrate the 
importance of considering maternal depression as a risk factor for poor maternal-fetal 
attachment.  
3.2.1 The biology of depression 
The underlying neurochemical basis for depression is still largely unclear; however, 
we are increasingly developing our understanding of this (Bhagya, Srikumar, Raju, & 
Shankaranarayana Rao, 2011).  The HPA axis, which is a neuroendocrine system (Saebom, 
Jaehoon, Yongdo, & Sang Ki, 2010), is argued to be a biological marker for depression 
(Kumar, Kuhad, & Chopra, 2011).  Stress has been linked to the development and 
maintenance of depression (Bremner, 2002), and the HPA axis is one of the major stress 
response systems in humans (Guerry & Hastings, 2011).  Depressed patients consistently 
exhibit increased cortisol levels and exaggerated cortisol responses (Brand et al., 2010).  
Additionally, norepinephrine and serotonin regulate the functioning of the HPA axis and are 
both implicated in depression (Bhagya et al., 2011; Guerry & Hastings, 2011).  Dysfunction 
in the HPA axis can result in excess glucocorticoids (Gregus, Wintink, Davis, & Kalynchuk, 
2005; Guerry & Hastings, 2011; Kellner & Wiedemann, 2008), which have been found to 
produce atrophy in hippocampal regions which is evident in individuals with depression 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
60 
(Andreatini, 2012; Bremner, 2002; Guerry & Hastings, 2011; Narasimhan & Campbell, 
2010).   
 There are currently mixed results in the literature regarding the role of the HPA axis 
in depression.  Conflicting research has identified both excessive and impaired 
glucocorticoid functioning in depressed individuals (Narasimhan & Campbell, 2010).  
Researchers argue that this may imply that there are two pathophysiological processes 
occurring that leads to two different subtypes of depression (Narasimhan & Campbell, 
2010).  In particular, melancholic depression has been associated with over activity of the 
HPA axis, while atypical depression has been associated with hypoactivity of HPA axis 
(O'Keane, Frodl, & Dinan, 2012).   
Understanding the HPA axis in terms of neurobiological underpinnings of 
depression is critical, recent research has highlighted that early life stress, including 
maternal depression, may trigger long-term alterations in the HPA axis producing a chronic 
vulnerability to depression (Andreatini, 2012; Brand et al., 2010; Guerry & Hastings, 2011). 
3.2.2 Depression and attachment 
Research has found that there are identified links between depression and adult 
attachment relationships.  A meta-analysis of 200 studies found that clinically depressed 
women often were classified as having both preoccupied and dismissing representations of 
attachment (Bakermans-Kranenburg & van Ijzendoorn, 2009). While a mother’s secure 
attachment style protected the mother infant relationship from the negative impact of 
maternal depression (Flykt, Kanninen, Sinkkonen, & Punamaski, 2010), the combination of 
maternal attachment and maternal depression has a cumulative impact on negative 
developmental outcomes for the infant socially, psychologically and biologically (Beatson, 
2003). 
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Understanding how maternal depression is associated with impaired mother infant 
interactions has recently been linked to the oxytocin system (Clark, 1998; O'Brien et al., 
1993).   It is suggested that oxytocin may have a role in both regulating mood and anxiety.   
Animal studies have shown that oxytocin secretion in animals is in part controlled by 
administration of serotonin at the posterior pituitary level (Galfi et al., 2005).  The 
relationship between oxytocin and depression may be further explained by recent research 
that has shown that the serotonergic system has a potential influence on the release of 
oxytocin (Galfi et al., 2005).  Serotonergic fibres have preferential input to oxytonergic 
regions in some animals and both oxytocin and serotonin can modulate affiliative responses 
to partners and offspring (Bakermans-Kranenburg & van Ijzendoorn, 2008; Skrundz, 
Bolten, Nast, Hellhammer, & Meinlschmidt, 2011).  Recently, the first study with pregnant 
women investigating stimulation of the hypothalamus by serotonin, has found that this can 
lead to a release of oxytocin as a precursor molecule (Bakermans-Kranenburg & van 
Ijzendoorn, 2008). 
There is evidence to show that there is an association between clinical depression 
and attachment.  While majority of this research has been conducted with adults and animal 
models, it raises important questions regarding the role that depression during pregnancy 
may have on the development of maternal-fetal attachment. 
3.2.3 Depression and pregnancy 
Maternal depression impacts both the mother and infant throughout the antenatal and 
postpartum periods (Beck, 1995; Field, 2011; Kemppinen, 2006).  The adverse effects of 
maternal postpartum depression on developing infants have been widely researched and 
recently reviewed (Figueiredo & Costa, 2009; Kemppinen, 2006).  Postnatal depression 
impacts on the mother’s responsiveness and availability to the infant, the bonding between 
the mother and infant, levels of maternal stress and the infant’s personality, social, 
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emotional and interpersonal development (Borba, Zambaldi, Cantilino, & Sougey, 2012; 
Goldsmith & Alansky, 1987; Miklush & Connelly, 2013; Stewart, 2007).  
Despite relatively strong evidence that perinatal depression and stress can have long-
lasting effects on the child, the relative contribution of the antenatal and postnatal 
environment remains unclear.  Rates of antenatal depression have been reported to be as 
high or in some studies even higher than depression during the postnatal period.  For 
instance, studies have reported a wide range of prevalence rates from 10% to 38% for 
depression during pregnancy (Bennett, Einarson, Taddio, Koren, & Einarson, 2004a; Bowen 
et al., 2014; Field, 2011; Kaplan, 2009;  Kumar & Robson, 1984; Lee, Lam, Sze, et al., 
2007).  These high prevalence rates are similar across cultures (Hay, Pawlby, Waters, & 
Sharp, 2008; Lee, Lam, Sze, et al., 2007; Marchesi, Bertoni, & Maggini, 2009).  Data from 
our recent study revealed that levels of maternal depression in pregnancy very strongly 
predict a mother’s depression at one and 18 months postpartum (r=0.55 and r=0.63 
respectively) (Lewis, Bailey, & Galbally, 2012).  Therefore, longitudinal cohort studies with 
robust measures of depression during the antenatal and postnatal period are required to 
define the effects of pre and postnatal depression on infant development. 
Depression during pregnancy is a complex construct with a multitude of contributing 
factors to be considered.  For instance, numerous studies have identified other factors that 
are typically associated with depression during pregnancy, including stress, anxiety and 
higher levels of substance use (Monk, Spicer, & Champagne, 2012; Talge et al., 2007; 
Tsigos & Chrousos, 2002).  Lewis et al. (2012) reported that the use of antidepressants in 
pregnancy was associated with not only higher levels of depression but also higher rates of 
other medications, poor diet and smoking. Careful consideration to the contribution and 
impact of both timing and dose effect of depression during pregnancy as this may be critical 
for both maternal and infant outcomes (Charles, 2013; Kent, 2012).  Depression focused 
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studies need to control for confounding factors to determine the specific effect that antenatal 
depression has on infant outcomes (Evans, 2012; Field, 2002; Field, Diego, & Hernandez-
Reif, 2006, 2010; Kitamura, Shima, Sugawara, & Toda, 1996; Records & Rice, 2007). 
There have been seven reviews summarizing the impacts of prenatal depression on 
offspring.  Some previous reviews have conducted broad literature reviews of the risk 
factors contributing to prenatal depression and outcomes for infants exposed to prenatal 
depression. For example, Bonari et al. (2004) focused on the effects of untreated prenatal 
depression on biological fetal and birth outcomes for offspring.  The review included both 
animal and human studies; however, it was not a systematic literature review.  This review 
of 35 papers concluded that prenatal depression was associated with increased rates of 
preeclampsia, poor fetal physiology (including reduced fetal heart rate), increase of preterm 
delivery, growth retardation, elevated infant cortisol levels and delayed neurobehavioural 
development.  The review also noted a limited amount of research on the outcomes of 
untreated prenatal depression.  Field et al. (2006) conducted a broad review of research on 
prenatal depression.  The paper revealed that prenatal depression impacted on the fetus with 
delayed growth, increased uterine activity, prematurity, and low birth weight.  Additionally, 
neonates of prenatally depressed mothers had similar biochemical profiles to their mothers 
such as elevated cortisol levels and lowered dopamine levels.  This was also the conclusion 
reached by Field et al. (2010), whose later review also found antenatal depression to be 
associated with increased cortisol levels which impact on fetal growth, prematurity and birth 
weight.  Furthermore, they suggested that these negative effects tend to be confounded by 
anxiety and demographic factors that may confer stressful environments such as 
socioeconomic status, lack of social support and substance use.  Field (2011) review 
explored the effects of exposure to prenatal depression on fetal, infant, child and adult 
outcomes; the review concluded that growth, birth weight, gestational length, infant 
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temperament, and attention were associated with exposure to prenatal depression.  
Additionally, the review concluded that anxiety, anger and stress were strongly associated 
with antenatal depression and should be considered possible confounders.  
Three papers have conducted systematic literature reviews on maternal mental health 
in pregnancy, which has mostly focused on long-term effects in offspring.  The review by 
Kingston, Tough and Whitfield (2012) focused on prenatal and postnatal maternal 
psychological distress on infant and childhood developmental outcomes.  This review 
concluded that antenatal psychological distress had significant adverse effects on an 
offspring’s cognitive, motor and socio-emotional development with effects apparent in 
children followed up to 12 years of age.  However, this review did not differentiate between 
exposures of stress, anxiety and depression, or between prenatal and postnatal periods 
(Kingston et al., 2012).  Davalos, Yadon and Tregellas (2012) conducted a systematic 
literature of untreated depression on infant outcomes.  This review specifically focused on 
untreated prenatal depression and included biological and developmental outcomes from in 
utero through to childhood.  The authors reviewed 14 papers, two of which were included in 
the current study.  This review concluded that exposure to antenatal depression had a 
negative impact on physiological, biological and developmental outcomes from fetal life 
through to childhood.  Finally, Grigoriadis et al. (2013) focused their review on biological 
fetal, birth and infant outcomes and identified 30 papers.  They concluded that antenatal 
depression was associated with an increased risk for prematurity and reduced incidence of 
breastfeeding.  Together these reviews suggest well-replicated and long-term effects of 
antenatal depression of a wide range of infant and child developmental outcomes. 
Research is consistently providing increased support for the impact of postnatal 
depression on infant and child development.  There is also increasing empirical evidence for 
the negative impact of antenatal depression exposure on birth and infant biological 
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outcomes (Grigoriadis et al., 2013).  To a lesser degree, the existing literature has a focus on 
the impact that exposure to prenatal depression has on other infant developmental outcomes 
including temperament, behaviour, cognitive development and bonding or attachment. 
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CHAPTER 4: Study Aims 
 The aim of the thesis is to provide examine maternal-fetal attachment across the 
course of pregnancy.  Furthermore, the study aims to examine the potential predictors that 
may serve to enhance or diminish the development of the attachment between mother and 
developing fetus throughout pregnancy.  Specifically, the study aims to explore the 
influence that maternal depression, anxiety and stress has on the mother’s developing 
attachment to the fetus.  Furthermore, the study will aim to provide initial examination of 
the transmission of attachment via the influence that maternal attachment style, including 
attachment anxiety and avoidance, and maternal experience of bonding with her own 
parents has on the ability for her to attach to the developing fetus.  Finally, the study aims to 
conduct preliminary exploratory investigations into the biological underpinnings of 
maternal-fetal attachment by exploring the relationships between maternal hormones in 
pregnancy, namely oxytocin and cortisol, and the association with maternal mental health 
and attachment factors; and the overall influence of these maternal factors on maternal-fetal 
attachment.  The study aims to examine these relationships for groups of mothers who are 
clinically depressed, have a history of depression and to consider the influence of 
antidepressant medication to see if the development of maternal-fetal attachment may differ 
for these groups of women. 
 The focus of the current thesis, encapsulating three studies, is to explore maternal-
fetal attachment across pregnancy, and examine how maternal psychological and biological 
factors, including depression, anxiety stress, attachment anxiety, attachment avoidance, 
experience of parental care, oxytocin and cortisol influence the development of maternal-
fetal attachment over pregnancy.  In order to explore this research question, a series of three 
studies will attempt to answer the following hypotheses. Hypotheses 1 to 3 will be 
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addressed in Study one, hypotheses 4 through 6 will be addressed in Study two, and the 
remainder will be addressed in Study three.  
 
Hypothesis 1 
 It was hypothesized that maternal-fetal attachment would change over the course of 
pregnancy.  Specifically, it was hypothesized that levels of maternal-fetal attachment as 
measured by Maternal Antenatal Attachment Scale (Condon, 1993) would increase from 
early to late pregnancy.   
Hypothesis 2 
 It was hypothesized that maternal-fetal attachment would be negatively associated 
with maternal anxiety and depression.  Specifically, it was hypothesized that maternal state 
and trait anxiety, and levels of depressive symptoms in early and late pregnancy would be 
predictive of lower levels of maternal-fetal attachment in late pregnancy.   
Hypothesis 3 
It was hypothesized that mothers who were clinically depressed on the SCID would 
have lower levels of maternal-fetal attachment in early and late pregnancy, than mothers 
with a history of clinical depression.  It was further hypothesized that the non-depressed 
control group would have higher levels of maternal-fetal attachment in early and late 
pregnancy than mothers who had either past history or current clinical depression.  It was 
further hypothesized that these effects would remain after controlling for antidepressant use. 
Hypothesis 4 
 It was hypothesized that there would be a significant negative relationship between 
maternal-fetal attachment and maternal attachment anxiety and avoidance, as measured by 
the Experience in Close Relationship Questionnaire (Wei et al., 2007), in both early and late 
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pregnancy.  Specifically, it was predicated that maternal attachment style in early and late 
pregnancy would be predictive of levels of maternal-fetal attachment in pregnancy.   
Hypothesis 5 
It was hypothesized that maternal adult attachment style would be associated with 
levels of maternal-fetal attachment in pregnancy.  Specifically, it was hypothesized that 
securely attached mothers would have higher levels of maternal-fetal attachment in early 
and late pregnancy compared to mothers with dismissive, fearful or preoccupied attachment 
styles.   
Hypothesis 6 
 It was hypothesized that there would be a significant negative association between 
maternal mental health and attachment, and maternal-fetal attachment in both early and late 
pregnancy.  It was hypothesized that both maternal mental health and maternal attachment 
style in early and late pregnancy would be negatively associated with maternal-fetal 
attachment in late pregnancy.   
Hypothesis 7 
 It was hypothesized that there would be a negative association between maternal 
mental health in early and late pregnancy, and maternal-fetal attachment and oxytocin levels 
in early and late pregnancy.  It was further hypothesized that there would be a positive 
correlation in early and late pregnancy between maternal mental health and cortisol levels in 
early and late pregnancy.  It was further hypothesized that there would be a negative 
relationship between maternal attachment style and oxytocin levels in early and late 
pregnancy.  It was further hypothesized that there would be a positive relationship between 
cortisol levels and maternal attachment style in early and late pregnancy. 
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Hypothesis 8 
It was hypothesized that maternal-fetal attachment and oxytocin will significantly 
increase from early to late pregnancy.  Specifically, it was hypothesized that maternal-fetal 
attachment and oxytocin levels would be significantly higher in later as compared to early 
pregnancy.  Furthermore, it was hypothesized that there would be a change in cortisol levels 
when comparing early to late pregnancy and that these levels may decrease overall from 
early to late pregnancy.  
 
Hypothesis 9 
 It was hypothesized that there would be a significant difference in maternal-fetal 
attachment, cortisol and oxytocin levels for mothers who are clinically depressed compared 
to mothers who have a past history of depression and those without current or past 
depression. 
Hypothesis 10 
 It was hypothesized that there would be a significant difference in maternal-fetal 
attachment, oxytocin and cortisol levels in early and late pregnancy for mothers exposed to 
depression during pregnancy compared to mothers exposed to antidepressants and those 
who did not experience exposure during pregnancy.  
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CHAPTER 5: Methods 
5.1 Design 
The study draws on data collected from the first two waves of the Mercy Pregnancy 
and Emotional Wellbeing Study (MPEWS).  Completed data from these two waves was not 
available at the time of writing and collection of additional data continues in this ongoing 
study.  Therefore the analyses presented are preliminary and will be updated once data from 
each wave is fully collected.  
MPEWS is a prospective cohort study that commenced in 2012 and was funded by 
Beyondblue, investigating the role of psychological, hormonal and genetic factors in 
emotional well being during pregnancy and the development of attachment between mother 
and infant.  Participants were recruited through Mercy Hospital for Women; letters sent 
from the hospital to women attending their initial antenatal appointment at the hospital were 
screened for suitability to the study, women were recruited if they were primiparous.  
Women were recruited to one of three groups, control, depressed and antidepressant use.  
Women were recruited to the depressed group if they met the diagnostic criteria for current 
depression or dysthymia, women ere recruited to the antidepressant group if they were 
taking antidepressants at the time of recruitment.  For those women who met the diagnostic 
criteria for depression and were taking antidepressants, they were allocated to the 
antidepressant group.  All other women recruited were allocated to the control group.  
Maternal and child outcomes were assessed via five data collection waves from early 
pregnancy through to 12 months of age.  Each wave of data consisted of psychological and 
biological measures.   
The present study formed part of this larger MPEWS study on pregnancy and 
emotional well-being.  The data for the current thesis was derived from the MPEWS data, it 
utilized maternal psychological and biological data collected from the first two waves of 
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data collection, including maternal depression, anxiety and stress, maternal attachment style 
and bonding with parents, maternal oxytocin and cortisol levels.  My role within the 
MPEWS research team was to participate in recruitment and data collection across the first 
three waves of data collection including psychological interview administration, biological 
data collection, data entry and transcription across a two-year period.  
Procedure 
 
Ethics approval was granted from Mercy Health and Deakin University’s Human 
Research Ethics Committee (Appendix A).  Women attending Mercy Hospital for Women 
in Heidelberg, Ivanhoe and Panch clinics were screened for eligibility.  Women were 
determined eligible for participation if they were less than 18 weeks in gestation, had no 
history of a psychotic or Bipolar Mood Disorder and who were planning to deliver at the 
Mercy Hospital for Women. Eligible women were then mailed an information sheet about 
the study prior to their antenatal appointment.  Women either contacted the study to request 
participation, or were met by trained researchers at the clinic prior to their antenatal 
appointment and invited to participate.  If consent to participate was given, a signed 
informed consent was obtained and the participant was allocated a study number.  At the 
time of the current study, a total of 1661 letters were posted which invited participation; 
from this, 330 women were recruited, giving a recruitment rate of 19.87%.  A total of 64 
women withdrew from the study or became ineligible over the course of the data collection 
period resulting in an attrition rate of 19.39 %.  A total of 203 women were recruited at the 
time of the current study.  Details of the recruitment process are depicted below in Figure 2. 
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Figure 1. Recruitment process and participants retained at each wave. 
 
Selection for pilot study of hormones 
The current study makes use of pilot data used to examine hormone processing techniques 
that selected a subset of MPEWS participant. The pilot is derived from n=37 women who 
had complete data from both Wave 1 and Wave 2 pregnancy time points and had given birth 
at the time of processing samples. Our MPEWS pilot data reported for Chapter 7 and 8 is 
based on a selected number of depression and antidepressant exposed cases, matched to 
control cases on BMI, gestation and excluding preeclampsia and Gestational Diabetes 
Mellitus. This provided a pilot sample of n=37 women who had both complete data across 
and complete biosamples as of November 2013. In this pilot sample assays for hormone 
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levels were undertaken by Associate Professor Martha Lappas in her laboratory at the 
Mercy Hospital.  
 At wave one, participants were provided with a questionnaire containing 
demographic and psychological measures and a reply paid envelop to return the 
questionnaire once completed.  They completed a structured diagnostic interview either in 
person or via phone with a trained researcher. They were also accompanied to Austin 
Hospital Pathology were a phlebotomist completed the blood collection in a pink EDTA 
tube.  All the blood was then taken to the hospital university department laboratory for 
storage and analysis.  All the blood was recorded and processed before being stored in the -
80 degree study freezer.  Participants were allocated to two groups, “depressed, 
antidepressant or control” or “current depression, past depression or control”.  Membership 
to the depressed group was determined by positive diagnosis of Current Major Depressive 
Disorder or Dysthymia on the SCID, while membership to the current depression group was 
determined by diagnosis of Major Depressive Disorder or Dysthymia on CID or a score of 
12 or greater on EPDS, past depression group membership was determined by diagnosis of 
Past Major Depressive Disorder on SCID.  Membership to antidepressant group was 
determined by participant disclosure of current antidepressant use during pregnancy while 
any participant not fitting criteria for membership to these groups was allocated as a control.   
Participants were then contacted via phone to schedule a time to meet at Mercy 
Hospital for Women Heidelberg between 25 – 30 weeks gestation.  Participants were given 
a survey and reply paid envelope to return the questionnaire upon completion.  Participants 
were accompanied to Austin Hospital Pathology for second blood collection by 
phlebotomist before being stored in the study freezer. Table 1 presents the measures used at 
each time point. 
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 Table 1 
 Outline of data collection waves 
WAVE INFANT AGE PSYCHOLOGICAL MEASURE 
1 12-18 weeks 
gestation  
Interview 
- SCID 
 
Questionnaire  
- Demographics 
- MAAS-Q 
- EPDS 
- STAI 
- SLES 
- ECR-R 
- PBI 
Biological 
- Maternal blood sample 
2 26-30 weeks 
gestation  
Questionnaire  
- Demographics 
- MAAS-Q 
- EPDS 
- STAI 
- SLES 
- ECR-R 
- PBI 
Biological 
- Maternal blood sample 
 
5.2 Materials 
 
5.2.1 Maternal demographic information. Participants completed a range of socio-
demographic questions relating to themselves including age, income, and relationship status, 
medication use, smoking and alcohol use and their pregnancy, including if the pregnancy 
was planned or not and fertility treatment used. 
5.2.2 Maternal attachment. The Experience of Close Relationship Scale Short 
Form (ECR-S; (Wei et al., 2007)) is a 12 item self-report questionnaire designed to measure 
the general trait pattern of adult attachment style independent of the participant’s current 
circumstances.  The scale is measured on a 7 point Likert scale and gives scores on two 
subscales.  Attachment anxiety is defined as involving a distress when a partner is 
unavailable or unresponsive and a fear of abandonment or rejection, this subscale includes 
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items such as “I need a lot of reassurance that I am loved by my partner”.  Attachment 
avoidance is conceptualized as a fear of interpersonal intimacy or dependence and 
attachment avoidance including items such as “I want to get close to my partner, but I keep 
pulling back”.  Higher scores indicate higher levels of attachment anxiety and avoidance and 
it is assumed that individuals who score high on either of these subscales have an insecure 
attachment orientation.  The measure is designed to predominately measure adult attachment 
anxiety and avoidance as a continuous variable.  In order to classify into attachment groups 
using a median split; individuals with an anxiety score less than the mean and avoidance 
score less than the mean were assigned to the secure group, these people tend to have 
positive views of themselves, their partners and their relationships and have a history of 
warm and responsive interactions with relationship partners.  Individuals with an anxiety 
score less than the mean and avoidance score greater than or equal to the mean were 
assigned to the dismissing group, these people desire a high level of independence and 
attempt to avoid attachment, often denying the need for attachment to others.  Individuals 
with an anxiety score greater than or equal to the mean and avoidance score greater than or 
equal to the mean were assigned to the fearful group, these people want close relationships 
but find it difficult to trust others.  Individuals with anxiety score greater than or equal to the 
mean and avoidance score less than the mean were assigned to the preoccupied group, these 
individuals seek high levels of intimacy and approval from others to the extent that they 
become dependant on their partners (Fraley, 2014).  An overall attachment style factor was 
derived from combining the scores on the attachment anxiety and avoidance subscales, with 
higher levels indicating greater levels of attachment difficulties for example more anxiety 
and avoidance and lower scores indicating more secure attachment styles.  The measure has 
demonstrated strong validity (Wei et al., 2007) and internal consistency, with coefficient 
alphas of 0.78 for anxiety and 0.84 for avoidance (Brennan, Clark, & Shaver, 1998).  In the 
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current study strong reliability was demonstrated with avoidance and anxiety subscale 
Cronbach alphas at 0.81 and 0.77 respectively.   
 According to Parker et al., (1979), the Parental Bonding Instrument (PBI) is a 50 
item self-report questionnaire designed to measure a child’s experience of their parent’s 
behaviour toward them, measuring paternal and maternal behaviour separately.  It is 
measured on a 4 point Likert scale and assesses two domains, care and overprotection.  Care 
measures the level of care the individual recalled they received from their parents as a child, 
and includes items such as “Spoke to me in a warm and friendly voice”.  Overprotection 
measures level of control and autonomy the individual remembers experiencing with the 
parents during childhood and includes items such as “Did not want me to grow up”. Higher 
scores indicating higher levels of care and overprotection, lower scores indicate indifference 
and autonomy (Murphy, Brewin, & Silka, 1997).  The measure has been found to have good 
validity and reliability with test retest reliability scores reported to be 0.76 and 0.83 for over 
protection and care scales respectively (Parker et al., 1979). The current study found 
reliability scores for care and overprotection to be 0.93 and 0.88 respectively.   
5.2.3 Maternal-fetal attachment.  According to Condon (1993), the Maternal 
Antenatal Attachment Scale (MAAS) is a self-report measure designed to assess the level of 
maternal attachment style to a developing fetus during pregnancy.  This nineteen-item scale 
is comprised of three subscales. The quality of fetal attachment subscale measures the 
quality of the affective and cognitive experiences in the attachment relationship; that is the 
desire for and pleasure in the proximity, interaction and sadness associated with separation 
and loss.  This subscale contains ten items including “Over the past two weeks when I think 
about the baby inside me I get feelings which are very sad, moderately sad, a mixture of 
happiness and sadness, moderately happy, very happy”.  Intensity of preoccupation subscale 
measures the extent to which the fetus is central to the mother’s life including the amount of 
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time thinking, dreaming and talking about the fetus.  It contains eight items, such as “Over 
the past two weeks when I have spoken about, or thought about the baby inside me I got 
emotional feelings which were: very weak or non-existent, fairly weak, in between strong 
and weak, fairly strong, very strong”.  The final scale measures global maternal-fetal 
attachment, combining both the quality and intensity of maternal-fetal attachment.  It 
contains 19 items combining both the quality of fetal attachment and intensity of 
preoccupation scale with the addition of one item, “Over the past two weeks I have felt that 
the baby inside me is dependent on me for its well-being: totally, a great deal, moderately, 
slightly, not at all”.  Items are measured on a 5-point Likert scale with higher values 
indicating greater level of maternal-fetal attachment.  The measure has good levels of 
internal consistency.  Cronbach’s alpha coefficients for quality and intensity are reported to 
be 0.09 and 0.76 respectively (Condon, 1993; Condon & Corkindale, 1997). In the current 
study the reliability for quality of fetal attachment was found to be 0.71, intensity of 
preoccupation was 0.68 and global attachment was 0.80. 
5.2.4 Depression. The presence of current or historical clinical depression was 
determined via the mood modules of the Structured Clinical Interview for DSM-IV-TR 
disorders (SCID) (First et al., 2002).  The SCID is a clinician administered semi-structured 
clinical interview developed to assist in the clinical diagnosis of a range of psychiatric 
disorders identified in the Diagnostic Manual of Mental Disorders – IV-TR (American 
Psychiatric Association, 2000).  The instrument is organized into disorder specific modules 
that have been shown to be appropriate for assessment of psychopathology in the perinatal 
period across cultures (Gorman et al., 2004).  Test reliability has been shown to be strong 
with Kappas ranging from 0.060 to 0.86 for anxiety and mood disorders (Brown, Di Nardo, 
Lehman, & Campbell, 2001), and Mood Modules of the SCID have demonstrated good 
specificity 74.5% and sensitivity 91.5% (Ratzke, Moreno, Gorenstein & Moreno, 2011). 
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The Edinburgh Postnatal Depression Scale (EPDS) is a 10 item scale for the assessment and 
screening of depression, and depressive symptoms in the postnatal period (Cox, Holden, & 
Sagovsky, 1987b) by investigating common neurovegitative symptoms; however, excludes 
somatic symptoms such as fatigue and change in appetite that naturally occur in pregnancy 
and therefore is widely used during the antenatal period as well.  Items such as “I have 
looked forward with enjoyment to things” are scored on a 4-point Likert scale.  Scores 
range from 0 – 30 with higher score indicating higher levels of depressive symptoms, and 
recommendations for threshold scores for indicate depression range from 9 – 13 (Cox et al., 
1987b; Gaynes et al., 2005).  EPDS has been demonstrated to have high levels of reliability 
with split half reliability at 0.88 and Cronbach’s alpha coefficient 0.87 (Perinatal Mental 
Health: A Guide to the Edinburgh Postnatal Depression Scale, 2004).  The current study 
found strong reliability with Cronbach’s alpha coefficient 0.85 and the EPDS has 
demonstrated reasonable specificity 59.5% and good sensitivity 88.4% in other studies using 
the cut off point as a score of 13 (Santos, et al., 2007).  
5.2.5 Anxiety. According to Spielberger (1983), the Spielberger State Trait Anxiety 
Inventory (STAI) is a self-report questionnaire measuring anxiety on a 4 point Likert scale.  
It contains items such as “I feel nervous” measured on a 4 point Likert scale with higher 
scores indicating higher levels of anxiety.  The measure contains two subscales and each 
subscale has the same 20 items.  State anxiety instructions request the participant to respond 
in relation to how they feel now, while the trait anxiety subscale requests the participant to 
respond in relation to how they generally feel.  The scale was designed to measure anxiety 
in adults and has been found to be appropriate to use with pregnant women (Gunning, 
2010).  The measure has moderate reliability for state anxiety with Cronbach’s alpha 0.54 
and strong reliability for trait anxiety with Cronbach’s alpha 0.86, and the measure has 
demonstrated good validity (Hedberg, 1972).  The measure demonstrated high levels of 
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reliability in the current study with coefficient alphas for state and trait anxiety at 0.91 and 
0.92 respectively. 
5.2.6 Stress. Maternal stress was measured via the Stressful Life Events Scale 
(Shaw, Dimsdale, & Patterson, 2008).  This measure was based on the Shaw scale and 
additional items were added to reflect possible stressors specifically experienced over 
pregnancy. The measure evaluating whether or not the respondent experienced any of 24 
stressful life events during the preceding 12 months at the commencement of the study, or of 
the remaining time points during the period since last completing the questionnaire.  The 
measure includes items such as whether the respondent had a major illness or injury; got 
separated or divorced, lost her job, or was humiliated or emotionally abused by her partner.  
The respondent first indicated whether or not such an event occurred, and if so, the date it 
occurred, then how stressful it was at the time, and finally, how stressful it was at the time 
of completing the survey. The items were based on review of commonly used SLE scales 
and then adapted to refer to events that may also occur in pregnancy. 
5.2.8 Maternal hormones. Blood plasma assay were used to measure the maternal 
oxytocin and cortisol during pregnancy. Blood was sampled in the morning by a single draw 
of blood by phlebotomist in a 9ml pink EDTA tube.  Samples were kept refrigerated before 
being centrifuged usually within 30 minutes of being drawn.  Supernatants were collected 
and stored at -80oC until assayed.  Determination of oxytocin and cortisol were performed 
using a commercial Enzyme-linked Immunoassay kits (ELISA’s) (Enzo Life Sciences, 
Lausen, Switzerland). The levels of cortisol and oxytocin were calculated in picrograms per 
millilitre (pg/mL) with higher scores indicating higher levels of the hormone present in the 
blood plasma.  These are competitive immunoassay for the quantitative determination of 
oxytocin and cortisol and are considered to be reliable and sensitive assays.   
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5.3 Data analyses In study one, we aimed to explore maternal-fetal attachment over 
pregnancy and the potential associations between maternal mental health and maternal-fetal 
attachment in early and late pregnancy.  We made use of data from the MAAS, SCID, 
EPDS, STAI, and SLES measures.  We conducted exploratory correlations for all variables, 
followed by paired t-tests, then hierarchical regressions and analysis of variance.  
Comparisons were made for depression groups including current depression, historical 
depression and control as well as pregnancy exposure including antidepressant exposure, 
depression exposure and controls. 
 In study two, we aimed to investigate the relationship between maternal attachment 
style and maternal-fetal attachment in early and late pregnancy.  We further aimed to 
explore the predictors of maternal-fetal attachment including maternal mental health and 
maternal attachment style variables.  In order to obtain data, the MAAS, SCID, EPDS, 
STAI, SLES, PBI and ECR measures were utilized.  Statistical analyses were conducted 
initially using exploratory correlation matrices, followed by hierarchical regressions and 
one-way analysis of variance.  Comparisons were made for depression groups including 
current depression, historical depression and control as well as pregnancy exposure 
including antidepressant exposure, depression exposure and controls. 
 In study three, we aimed to conduct a preliminary exploratory analysis for a small 
case controlled sample of the larger population.  We aimed to explore any associations 
between maternal factors and maternal-fetal attachment in early and late pregnancy 
including maternal mental health, attachment and hormones.  Furthermore, we aimed to 
explore the potential associations between maternal hormones and maternal mental health, 
and maternal attachment style variables.  The measures utilized to conduct the data analysis 
included MAAS, EPDS, STAI, SLES, ECR, PBI, oxytocin, and cortisol.  Initial correlation 
matrices were conducted and comparisons for mothers who were clinically depressed, 
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versus mothers using antidepressants and a control group were made using analysis of 
variance statistical analysis.  
 Identification of covariates for all three studies will occur utilizing Chai Square 
testing and is reported is Study one.   
5.3.1 Data screening and testing assumptions. 
Data screening. Given that the data for the current study formed part of a larger 
parent study, which was still in data collection phase on completion of the current study, it 
was expected to have missing data particularly from the second time point.  As such, a 
missing data analysis was conducted which, as expected, highlighted greater levels of 
missing data in wave 2 compared with wave one, Table 2 shows percentages of missing 
data.  The missing data was assessed as being Missing Completely at Random via Little’s 
test of significance (F2 = 1007.11, U = .09).  Missing data was computed based on the sum 
of the mean for each scale if at least half of the items on the scale were completed. 
An evaluation of assumptions was undertaken.  An assessment of skewness, 
univariate and multivariate outliers, homogeneity, normality, linearity and homoscedatcicity 
of residuals was conducted.  Tests for normality indicated approximate normality. MAAS 
quality and global attachment, PBI care demonstrated slight negative skew, state and trait 
anxiety, EPDS, ECR avoidant attachment and PBI overprotection demonstrated slight 
positive skew.  Logarithmic transformations were performed and did not markedly improve 
the data.  Given that skewness of the scales was slight, they were not improved by data 
transformations; majority of tests are reasonably robust to non- normality and it could 
reasonably be assumed that the data was obtained from a normal population. The slight 
deviations from normality were ignored.  Outliers identified were assessed as genuine 
outliers, sensitivity analysis was run and demonstrated that the outliers did not markedly 
affect the results and subsequently remained in the analysis.  Independence of residuals for 
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analysis was assessed by Durbin Watson statistic, indicated that there was independence of 
residuals.  Tests of sensitivity were conducted for violations of normality and outliers; 
sensitivity tests indicated no marked difference and therefore it was determined that the 
analysis would continue without alternation or transformation to the data.  
Table 2 
 Percentages of missing data 
Early Pregnancy Late Pregnancy 
Count Percentage Count Percentage 
Quality of fetal 
attachment 64.00 24.20 78.00 29.50 
Intensity of attachment 64.00 24.20 79.00 29.90 
Global attachment 68.00 25.80 80.00 30.30 
State anxiety 68.00 25.80 86.00 32.60 
Trait anxiety 68.00 25.80 82.00 31.10 
Depression 63.00 23.90 81.00 30.70 
Attachment avoidance 65.00 24.60 82.00 31.10 
Attachment anxiety 67.00 25.40 78.00 29.50 
Mother care 72.00 27.30 87.00 33.00 
Father care 77.00 29.20 94.00 35.60 
Mother overprotection 70.00 26.50 83.00 31.40 
Father overprotection 77.00 29.20 93.00 35.20 
 
With respect to Study 3, it was acknowledged that there was an outlier on Oxytocin 
levels.  It was investigated and determined that this was in fact a true outlier.  It was 
assessed that given the nature of the small case controlled study, coupled with the fact that 
the outlier appeared to be genuine in nature, it was assessed that it would be important to 
leave the outlier included in the data analysis to have an exploratory overview of what may 
be representative of a larger sample rather than removing the outlier to ensure that the data 
and subsequent analysis appeared clean.
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CHAPTER 6: Study 1. Understanding the Relationship between Maternal Mental 
Health and Maternal Fetal Attachment 
 
6.1 Introduction 
Study Aim. The aim of the study was to examine maternal-fetal attachment and 
investigate whether this changes over the course of pregnancy.  This is done by examining 
maternal mental health for symptoms, such as anxiety and depression, to determine whether 
exposure to maternal mental health influences a mother’s attachment with the baby during 
pregnancy.  In addition, this study explored the role of clinical depression on the ability to 
bond with fetus, investigating whether there was a difference between mothers with a past 
history of depression, mothers with current clinical depression and mothers with no 
exposure to depression in their levels of attachment with fetus during pregnancy.  
Understanding the relationship between maternal mental health and the development of 
mother’s bond with baby during pregnancy is essential to the development and targeting of 
early intervention programs which may subsequently reduce the potential aversive outcomes 
for both mother and infant when exposed to maternal mental health and poor attachment.  It 
was hypothesized that: 
Hypothesis 1: Maternal-fetal attachment would increase from early to late 
pregnancy.   
Hypothesis 2: Maternal-fetal attachment would be negatively associated with 
maternal anxiety and depression.  Maternal anxiety stress and depression would 
predict maternal-fetal attachment levels when controlling for covariates.  
Hypothesis 3: Mothers who were clinically depressed would have lower levels of 
maternal-fetal attachment in early and late pregnancy than mothers with a history of 
clinical depression or control group.  Mothers with a history of clinical depression 
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would have lower levels of maternal-fetal attachment in early and late pregnancy 
compared to mothers in the control group.  These findings will remain when 
controlling for antidepressant use.  
6.2 Method 
The characteristics of the larger prospective study, aspects of procedure and design 
have been previously reported in Chapter 6 and are relevant for the current study.  In this 
study we make use of MAAS, EPDS, STAI, SLES, SCID and Demographic Questionnaire 
as reported in Chapter 6 Section 6.5, and we undertake the statistical analysis as reported in 
Chapter 6 Section 6.6. 
6.2.1 Demographics. These demographics reported refer to the larger sample of 
participants and refer to studies one and two.  Only smaller subsets of the sample are 
utilized in Study 3 and are separately reported in Chapter 9. 
 The social and demographic details of participants are shown in Table 3. The mean 
age of the participants was 32.05 years, and ranged from 19.4 to 48.7 years.  Majority of the 
participants were Australian (71.6%) and English speaking (83.8%).  Additionally, majority 
of the sample population were married (67.2%) with only 5.4% of participants not in a 
relationship.  The sample was considered to be middle class with majority of participants in 
full time employment and well educated.  Majority of participants had completed Year 12 
education and only 8.3% of participants had not completed any higher education post Year 
12.  The pregnancy demographics are detailed in Table 4.  Majority of the participants were 
primiparous with only 4% being multiparous, and only five women were expecting a 
multiple pregnancy.  The current sample population predominately had planned pregnancy 
76.2% and only 11% required medical assistance to conceive.  At the first wave of data 
collection, the mean gestation for the participants was 16.95 weeks while at wave two data 
collection the mean gestation for the sample was 30.30 weeks.   
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Table 3 
Social and demographic means and percentages  
Demographic at Wave 1 N Mean (SD) n (%) 
Age in years 258 32.05 (4.76)  
Country of birth 204   
Australia   146 (71.6) 
Other   58(28.4) 
Language spoken at home 204   
English   171 (83.8) 
Other   33 (16.2) 
Marital status 204   
Married; first marriage   137 (67.2) 
Married; second or later 
marriage   7 (3.4) 
De facto   36 (17.6) 
Stable relationship not 
living together   9 (4.4) 
Same sex partnership   2 (1) 
Separated   2 (1) 
Not currently in a 
relationship   11 (5.4) 
Highest schooling completed 204   
By year 10   8 (3.9) 
Completed year 11   13 (6.4) 
Completed year 12   183 (89.7) 
Further study 204   
None   17 (8.3) 
Apprenticeship/ 
traineeship   8 (3.9) 
Certificate/Diploma   48 (23.5) 
Bachelor’s degree   78 (38.2) 
Postgraduate degree   53 (26.0) 
Employment status  204   
Full-time employment   138 (67.6) 
Part-time employment   31 (15.2) 
Casual employment   15 (7.4) 
Maternity leave   1 (0.5) 
Unemployed   8 (3.9) 
Student   3 (1.5) 
Full-time home duties   2 (1) 
Other   6 (2.9) 
Annual household income  178 124.11 (58.79)  
Note: SD = standard deviation 
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Table 4  
Social and demographic means and percentages 
Pregnancy Demographic N Mean (SD) n (%) 
Planned pregnancy? 202   
No   48 (23.8) 
Yes   154 (76.2) 
Medical assistance to 
conceive 154   
No   137 (89) 
Yes   17 (11) 
Medication use during 
pregnancy (Wave 1) 204   
No   150 (73.5) 
Yes   54 (26.5) 
Antidepressant use leading 
up to/during pregnancy 
(Wave 1) 
205   
No   162 (79) 
Yes   43 (21) 
Smoking during pregnancy 
(Wave 1) 85   
No   60 (70.6) 
Yes   25 (29.4) 
Alcohol consumption 
during pregnancy (Wave 1) 173   
   110 (63.6) 
   63 (36.4) 
Mode of delivery 189   
Normal vaginal   79 (41.8) 
Assisted (vacuum/ 
forceps)   46 (24.3) 
Emergency Caesarean 
section   55 (29.1) 
Elective Caesarean 
section   8 (4.2) 
not known   1 (.5) 
Note: SD = standard deviation    
6.3 Results 
 A Chi square test for association was conducted between maternal-fetal attachment 
and demographic variables in order to ascertain any confounding variables for Study 1 and 
Study 2; results for early pregnancy are displayed in Table 5.  In order to conduct the Chi 
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square testing, a median split was utilized to create a dichotomous variable for maternal-
fetal attachment separating into high levels of attachment and low levels of attachment for 
quality of fetal attachment, intensity of preoccupation and global maternal-fetal attachment.  
In early pregnancy, statistically significant associations were found between high and low 
levels of maternal-fetal attachment and medication use, antidepressant use, alcohol and 
cigarette consumption.  This pattern was consistent with late pregnancy; however, whether 
the pregnancy was planned or not was also significantly different (χ2 = 3.71, p = .041) across 
levels of maternal-fetal attachment in late pregnancy.
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Table 5 
 Associations between maternal-fetal attachment and populations demographics in early pregnancy 
 Quality of fetal attachment Intensity of preoccupation Global attachment 
  High (n) Low (n) F2 High (n) Low (n) F2 High (n) Low (n) F2 
Education level           
Secondary education 7 10 
0.15 
8 9  9 8  
Higher education 86 101 90 97 0.01 90 97 0.15 
Income          
Low income 43 56  47 52  49 50  
High income 38 41 0.39 38 41 0.01 40 39 0.02 
Employment           
Not employed 7 12  9 10  8 11  
Employed 86 99 0.65 89 96 0.00 91 94 0.35 
Smoking in pregnancy          
Yes 7 18  8 17  6 19  
No 28 32 2.54 27 33 1.23 29 31 4.31* 
Alcohol in pregnancy          
Yes 21 42  22 41  25 38  
No  56 54 5.01* 56 54 4.14* 53 57 1.17 
Medication in pregnancy          
Yes 21 33  23 31  23 31  
No  72 78 1.33* 75 75 0.87 76 74 1.04 
Antidepressant use           
Yes 11 29  18 22  19 21  
No 80 81 6.37** 79 82 0.21 79 82 0.03 
Planned pregnancy          
Yes 76 79  74 80  77 77  
No 18 30 1.85 23 25 0.00 21 27 0.57 
Note: F2  = Chi Square, * p < .05, ** p < .01,  
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Maternal-fetal attachment over time (H1). The hypothesis that levels of maternal-
fetal attachment would increase over the course of the pregnancy was supported.  A paired 
samples t-test with bootstrapping was used to assess the levels of maternal-fetal attachment in 
terms of quality of fetal attachment, intensity of attachment and global maternal-fetal 
attachment, and whether levels at early pregnancy were significantly different to levels in late 
pregnancy.  Bootstrapping is a statistical method used for ensuring accuracy by allowing the 
estimation of the sampling distribution and essentially corrects for the standard error, results 
are displayed in Table 6. 
Table 6  
Means, SD and paired sample t-test for maternal-fetal attachment over pregnancy  
(n = 182) 
  
Early 
Pregnancy 
 Late 
Pregnancy         
 M SD 
 
M SD 
Cohen's 
d r 
Mean 
Difference t 
Quality of fetal 
attachment 44.62 3.69  45.94 3.00 .39 0.66*** -1.32 -6.32*** 
Intensity of preoccupation 26.29 4.20 
 
28.15 4.34 .44 0.60*** -1.86 -6.57*** 
Global attachment 74.98 7.54 
 
78.64 6.74 .51 0.66*** -3.66 -8.30*** 
Note: M = mean, SD = standard deviation, *** p < .001 
 
As evidenced in Table 7, maternal-fetal attachment significantly increases from early 
to late pregnancy.  Global maternal-fetal attachment demonstrated the largest statistically 
significant increase from early to late pregnancy and this change appears to be reasonably 
consistent across the measures of maternal-fetal attachment.  In general, there are moderate 
effect sizes across each of the maternal-fetal attachment measures. There is a strong, highly 
significant association between global maternal-fetal attachment across early and late 
pregnancy which indicates that early pregnancy maternal-fetal attachment is predicative of 
late pregnancy maternal-fetal attachment.  It was concluded that there was a weak to 
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moderate change over time for all aspects of maternal-fetal attachment and that early 
pregnancy maternal-fetal attachment was significantly predictive of late pregnancy maternal-
fetal attachment. 
 While there is a statistically significant increase in quality of fetal attachment, 
intensity of preoccupation and global attachment from early to late pregnancy, the trend for 
each individual may not be homogenous.  In order to explore this in more detail, an 
exploratory analysis was utilized.  As can be seen in Figures 2, 3 and 4, there are individual 
differences in change over time for maternal-fetal attachment. Within each of the different 
trends, the rate of change is variable depending on the individual.  Specifically, as depicted in 
Figure 2, quality of fetal attachment from early to late pregnancy varies for individuals with 
63.39% of mothers demonstrating an increase of quality of fetal attachment across 
pregnancy, 14.75% of mothers not showing a change in quality of fetal attachment over time, 
and 21.86% of mothers decreasing in quality of fetal attachment from early to late pregnancy.    
 
Figure 2. Individual mean quality of fetal attachment from early to late pregnancy. 
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Figure 3 again depicts the variability across individuals in change over time for 
intensity of fetal preoccupation.  Majority of mothers showed an increase in intensity of 
preoccupation across pregnancy 61.41%; however, 26.63% experienced a decrease in 
intensity of preoccupation over time and 10.87% of mothers did not change in their level of 
intensity of fetal preoccupation across pregnancy.  Again the rate of change within each of 
these groups as depicted in the graph is also variable. 
 
 Figure 3. Individual mean intensity of preoccupation from early to late pregnancy 
 
Figure 4 depicts the overall global maternal-fetal attachment across pregnancy for 
individuals and overall demonstrates a similar trend to quality and intensity of attachment. 
There is the highest rate of mothers showing an increase in global maternal-fetal attachment 
over time 74.32%.  Overall, 21.31% of mothers experienced a decrease in global maternal-
fetal attachment from early to late pregnancy, while 4.32% did not demonstrate any change in 
global maternal-fetal attachment across pregnancy.  
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Figure 4. Individual mean global maternal-fetal attachment from early to late pregnancy 
 
Association between maternal mental health and maternal-fetal attachment 
(H2). A correlation matrix was run to measure and assess the strength and relationship 
between maternal-fetal attachment including quality of fetal attachment, intensity of 
preoccupation and global fetal boding with maternal mental health including state, trait 
anxiety and depressive symptoms.  It was hypothesized that there would be a negative 
relationship between the maternal mental health and maternal-fetal attachment; results are 
shown in Table 7. 
As can be seen by Table 7, across various measures maternal-fetal attachment is 
consistently significantly associated with various measures of maternal mental health.  
Specifically, there is a moderate negative relationship between quality of fetal attachment and 
maternal anxiety and depression which is constant in early and late pregnancy.  In early 
pregnancy, there is also a weak negative relationship between global maternal-fetal 
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attachment and maternal anxiety and depression; however these associations were not 
significant in late pregnancy.  Contrary to our hypothesis, there is a very weak association 
between the intensity of a mother’s preoccupation with fetus and maternal anxiety, stress and 
depression and these relationships were not significant in either early or late pregnancy.  The 
maternal-fetal attachment subscales have low to moderate correlations which indicate that 
while they are measuring aspects of a similar construct, they are measuring distinct aspects of 
maternal-fetal attachment.     
Two hierarchical linear regressions using pairwise deletion method were run to 
examine the predictive validity of maternal mental health on maternal-fetal attachment in 
early and late pregnancy.  Examination of tolerance levels and multicollinearity among all 
variables indicated that there were no problems with the data, with independent variables 
sufficiently independent of one another.  Independence of residuals are assessed by Durbin-
Watson statistic. In order to control for confounding factors, covariates (as identified above 
via the Chi Square test for associations), including use of cigarettes, alcohol, prescription 
medication and antidepressants during pregnancy and whether the pregnancy was planned 
were controlled for in model 1.  In early pregnancy, maternal depression symptoms were 
included in model two and maternal anxiety including state and trait anxiety, current and past 
stress were included in model three.  In late pregnancy, maternal depression symptoms were 
included in model two, maternal anxiety including state and trait anxiety, current and past 
stress were included in model three. The key statistics are displayed in Table 8 and 9 
respectively. 
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Table 7 
 Intercorrelations between maternal-fetal attachment and maternal mental health in early and late pregnancy  
(n = 204). 
   Early Pregnancy  Late Pregnancy 
 M SD 1 2 3 4 5 6 7 8  9 10 11 12 13 14 15 
Early pregnancy                   
1. Quality of fetal attachment 44.62 3.67                 
2. Intensity of preoccupation 26.15 4.23 .48***                
3. Global attachment 74.78 7.72 .79*** .87**               
4. State anxiety 35.04 11.38 -.35** .07 -.15*              
5. Trait anxiety 38.25 11.12 -.35** .02 -.18** .82***             
6. Depressive symptoms 6.42 4.83 -.32** .02 -.17* .79** .80***            
7. Current stress 3.47 7.38 -.12 .09 -.03 .51*** .47*** .54***           
8. Past stress 6.85 11.35 -.12 .11 -.01 .48*** .45*** .48*** .92***          
Late pregnancy                   
9. Quality of fetal attachment 45.98 2.99 .66** .37*** .55*** -.33*** -.36*** -.32*** -.07 -.08         
10. Intensity of preoccupation 28.16 4.35 .39** .60*** .60*** .00 -.02 -.04 .11 .09  .54***       
11. Global attachment 78.69 6.75 .58** .58*** .66*** -.16* -.19** -.18* .05 .03  .82*** .91***      
12. State anxiety 34.65 10.36 -.23** .04 -.09 .66*** .65*** .58*** .38*** .37***  -.41*** -.09 -.26***     
13. Trait anxiety 36.73 10.43 -.31** .02 -.14 .71*** .83*** .69*** .42*** .39***  -.47*** -.08 -.28*** .82
***    
14. Depressive symptoms 6.32 4.72 -.23** .02 -.11 .63*** .70*** .68*** .41*** .38***  -.41*** -.09 -.25*** .79
*** .85***   
15. Current stress 2.69 6.19 -.10 .05 -.02 .45*** .39*** .42*** .81*** .77***  -.10 .09 .01 .36*** .40*** .43***  
16. Past stress 5.78 11.65 -.05 .06 .01 .32*** .29*** .35*** .73*** .76***  -.04 .10 .05 .27*** .30*** .32*** .93*** 
Note: M = mean, SD = standard deviation* p < .05; ** p < .01; *** p < .00
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Table 8 
Hierarchical regression analysis summary maternal mental health variables in early 
pregnancy predicting quality of fetal attachment in late pregnancy  
(n = 164) 
Variable R2 ∆ R2 B SE B β t p 
Model 1 .06       
Planned pregnancy   1.32 .56 .19 2.35 .020 
Prescription medication   .37 .59 .06 .62 .534 
Antidepressant medication   -1.21 .83 -.13 -1.45 .148 
Cigarette use   .24 .75 .03 .31 .754 
Alcohol use   .17 .49 .03 .35 .725 
Model 2 .11** .06**      
Planned pregnancy   1.01 .56 .15 1.80 .073 
Prescription medication   .22 .58 .03 .38 .707 
Antidepressant medication   -.47 .84 -.05 -.56 .576 
Cigarette use   .45 .73 .05 .62 .538 
Alcohol use   .16 .47 .03 .34 .733 
Depressive symptoms   -.16 .05 -.26 -3.16 .002 
Model 3 .17*** .05*      
Planned pregnancy   .95 .56 .14 1.71 .090 
Prescription medication   .29 .57 .04 .51 .610 
Antidepressant medication   -.40 .84 -.04 -.48 .633 
Cigarette use   .39 .73 .04 .53 .594 
Alcohol use   .24 .47 .04 .51 .609 
Depressive symptoms   -.06 .08 -.10 -.73 .466 
State anxiety   -.01 .04 -.06 -.39 .700 
Trait anxiety   -.07 .04 -.28 -1.93 .055 
Current stress   .09 .07 .25 1.22 .223 
Past stress   -.02 .04 -.08 -.41 .685 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients  
 
As can be seen in Table 8, in the early pregnancy the covariates were entered in 
model 1. This model did not significantly predict the variance in the quality of fetal 
attachment in late pregnancy.  Of the covariates, only whether the pregnancy was planned or 
not was a significant predictor in the first model.  In model 2, depression symptoms 
accounted for an additional 6% unique variance explained in quality of fetal attachment, 
depressive symptoms were a significant predictor in the model R2=.11, F(6, 163) = 3.40, p = 
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.004.   The full model of depressive symptoms, state and trait anxiety, current and past stress 
explained 17% of variance in quality of fetal attachment and was statistically significant 
R2=.17, F(10, 163) = 3.10, p < .001.  Of the predictors in the full model, there was a trend 
toward trait anxiety being a significant predictor of quality of fetal attachment in late 
pregnancy.  Interestingly, when stress and anxiety were added to the full model, depression 
symptoms which had been significant in model two no longer significantly contributed to the 
model.  The full model was significant even after controlling for covariates in model one 
which did not significantly predict the variance in quality of fetal attachment with fetus; 
however, whether the pregnancy was planned was a confounding factor that was near 
statistical significance in each of the models including the full model. 
As can be seen in Table 9, in the late pregnancy the covariates were entered in model 
1. This model did not significantly predict the variance in the quality of fetal attachment in 
late pregnancy.  Of the covariates, only whether the pregnancy was planned or not was a 
significant predictor in the first model.  The addition of depression symptoms in late 
pregnancy in model two accounted for an additional 16% of variance explained in quality of 
fetal attachment; depressive symptoms were a significant predictor in the model R2=.25, F(6, 
166) = 8.80, p < .001.  The full model of depressive symptoms, state and trait anxiety, and 
current and past stress significantly explained 32% of the variance in the quality of fetal 
attachment in late pregnancy R2=.32, F(10, 166) = 7.19, p < .001; however, none of the 
individual variables were significant predictors in the model.  Despite this, both state and trait 
anxiety were near statistical significance as noted in early pregnancy when adding stress and 
anxiety variables to the model. 
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Table 9.  
Hierarchical regression analysis summary maternal mental health variables in late 
pregnancy predicting quality of fetal attachment in late pregnancy (n = 167) 
Variable R2 ∆ R2 B SE B β t p 
Model 1 .09       
Planned pregnancy   1.63 .56 .23 2.92 .004 
Prescription medication   .45 .57 .07 .80 .427 
Antidepressant medication  -1.63 .84 -.17 -1.94 .054  
Cigarette use   -.17 .77 -.02 -.22 .827 
Alcohol use   .29 .49 .05 .60 .552 
Model 2 .25 .16***      
Planned pregnancy   1.01 .52 .14 1.95 .053 
Prescription medication   .40 .52 .06 .77 .441 
Antidepressant medication  -1.23 .77 -.13 -1.60 .111  
Cigarette use   .32 .71 .03 .46 .649 
Alcohol use   .21 .45 .03 .46 .645 
Depressive symptoms   -.26 .04 -.42 -5.8 .000 
Model 3 .32 .16**      
Planned pregnancy   .86 .51 .12 1.70 .092 
Prescription medication   .30 .50 .04 .59 .554 
Antidepressant medication  -1.13 .77 -.12 -1.46 .145  
Cigarette use   .38 .69 .04 .55 .584 
Alcohol use   .23 .44 .04 .52 .605 
Depressive symptoms   -.05 .09 -.07 -.53 .597 
State anxiety   -.06 .04 -.22 -1.73 .087 
Trait anxiety   -.08 .04 -.28 -1.83 .070 
Current stress   .03 .08 .08 .40 .687 
Past stress   .02 .04 .07 .40 .689 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients 
 
Depression, which was highly significant in model two, no longer significantly 
contributed to the model.  The full model was significant even after controlling for covariates 
in the model; however, similar to early pregnancy, whether a pregnancy was planned or not 
was near statistical significance in each of the model including the full model indicating that 
it may confound the results. 
Maternal-fetal attachment and Maternal Depression (H3). A series of one way 
analysis of variance were run to investigate hypothesis three, to determine if there was a 
significant difference in the quality of fetal attachment in early and late pregnancy for 
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mothers with clinical depression compared to mothers with either a history of clinical 
depression or mothers with no experience of clinical depression. Additional assumption 
testing from the data screening indicated that the assumption of homogeneity of variances 
was upheld in early pregnancy, and was violated in late pregnancy as assessed by Levene’s 
Test of homogeneity of Variances.  As such, the Welch statistic for analysis of variance and 
the Games-Howell statistics for post hoc tests were utilized for late pregnancy, as these are 
robust to violations of this assumption. 
As depicted in Table 10, the overall ANOVA showed a significant difference across 
groups in levels of quality of fetal attachment. Mothers with no current or historical clinical 
depression had higher levels of quality of fetal attachment than the other two groups.  The 
differences in quality of fetal attachment between the depression groups was statistically 
significant F(2, 198) = 4.48, p = .013.  Bonferroni post hoc analysis indicated that the mean 
decrease in quality of fetal attachment from mothers with no clinical depression to those with 
current clinical depression was statistically significant (2.64, 95% CI [.35, 4.94], p = .018).  
Quality in maternal-fetal attachment in late pregnancy was statistically different across the 
groups of clinical depression; Welch’s F(2, 39.54) = 6.77, p = .003. Games-Howell post hoc 
analysis indicated that the mean decrease in quality of fetal attachment from mothers with no 
history of clinical depression to mothers with past history of clinical depression was 
statistically significant (1.53, 95% CI [.49, 2.58], p = .002), no other statistically significant 
differences were found.  
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Table 10  
One-way analysis of variance for effects of depression on quality of fetal attachment in early 
and late pregnancy   
  
No 
depression   
Past 
Depression   
Current 
depression   
 
ANOVA 
Quality of 
fetal 
attachment M SD   M SD   M SD   F  MS df η2 
Early 
pregnancy 45.23 3.44  44.27 3.59  42.59 4.74  4.48** 58.17 2,198 .04 
Late 
pregnancy 46.81 2.55  45.28 3.10  45.00 3.74   6.77** 58.85 2,39.54  .07 
Note: M = mean, SD = standard deviation, MS = mean squares, df = degrees of freedom, η2 = eta squared** p < .001
 
 A further analysis of variance was run to determine if the differences found in the 
current depression, history of depression and control groups remained after controlling for the 
effect of antidepressant use in pregnancy.  Additional assumption testing form the data 
screening indicated that the assumption of homogeneity of variances was upheld in early and 
late pregnancy.  Despite expectations, as can be seen in Table 11, when controlling for 
antidepressant use in pregnancy the mean differences in quality of fetal attachment in both 
early and late pregnancy was no longer significant.  Interestingly, in both early and late 
pregnancy, quality of fetal attachment was not statistically significant across mothers who did 
and did not use antidepressants in pregnancy.    
Table 11  
One-way analysis of variance for effects of depression on quality of fetal attachment in early 
and late pregnancy, controlling for antidepressant use  
      ANOVA 
   F  p MS df η2 
Early quality of fetal attachment  1.50 .226 19.54 2,198 .02 
Late quality of fetal attachment   .41 .667 3.44 2, 184 .12 
Note: MS = mean squares, df = degrees of freedom, η2 = eta squared 
 
  
 Figure 5 illustrates the difference in the mean quality of fetal attachment over time for 
clinically depressed mothers compared to mothers with history of clinical depression, and 
mothers with no clinical depression.  As can be seen in the graph, all groups increased in 
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quality of fetal attachment over pregnancy; however, contrary to expectations, mothers with 
clinical depression demonstrate a greater increase of quality of fetal attachment over 
pregnancy compared to past history of depression and control groups. 
 
Figure 5. Mean difference in maternal-fetal attachment over time for clinical depression 
groups 
6.4 Summary of Results 
 This study examined maternal-fetal attachment across pregnancy.  The study further 
explored the influence of maternal mental health variables, namely depression, anxiety and 
stress on maternal-fetal attachment in early and late pregnancy.   
 The current results indicated that maternal-fetal attachment demonstrated a pattern of 
change from early to late pregnancy, increasing over time in quality or attachment, intensity 
of preoccupation, and global maternal-fetal attachment.  Exploratory results indicated that 
while a general trend showed an increase in maternal-fetal attachment across pregnancy, 
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there was variation in individual patterns of change in maternal-fetal attachment with some 
individuals increasing, some decreasing and other remaining static.  
 As expected, the results demonstrated a negative relationship between quality of fetal 
attachment and maternal mental health.  Contrary to expectations, only the quality of fetal 
attachment had significant, moderate associations with maternal mental health.  Furthermore, 
while depression, anxiety and stress were all negatively associated with quality of fetal 
attachment in early and late pregnancy, depression was no longer predicative of quality of 
fetal attachment when anxiety and stress were included the model. 
 The results also showed that current clinical depression had the greatest impact on 
quality of fetal attachment.  This group had the lowest levels of maternal-fetal attachment in 
early and late pregnancy and they also demonstrated the steepest increase in quality of fetal 
attachment from early to late pregnancy when compared with individuals with a history of 
clinical depression and the control group.  These group differences were not significant once 
antidepressant use was controlled for.
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CHAPTER 7: Study 2. Transmission of Attachment: The Role of Maternal Attachment 
History and Style in Maternal Fetal Attachment across Pregnancy  
7.1 Introduction 
Study Aim. The aim of the study was to explore the link between several different 
aspects of attachment measured in different self-report measures. Here we report on maternal 
attachment style (ECRQ) and experiences of attachment with parents (PBI), and the 
attachment between mother and baby during pregnancy (MAAS).  Examining maternal 
attachment style and the association with attachment during pregnancy may be informative in 
a deeper understanding of the intergenerational transmission of attachment.  Furthermore, the 
study aimed to investigate the relationship between maternal mental health and maternal 
attachment style, and the link with maternal-fetal attachment. Understanding the role of these 
predictor variables on maternal-fetal attachment in more detail is important in the 
development of early intervention programs, treatment and potentially reducing the 
transmission of poor attachment across generations.  It was hypothesized that: 
Hypothesis 1: There would be a significant negative relationship between maternal-
fetal attachment and maternal attachment style in both early and late pregnancy.  
Hypothesis 2: Maternal adult attachment style would be associated with maternal-
fetal attachment in pregnancy.   
Hypothesis 3: There would be a significant negative association between maternal 
mental health and attachment and maternal-fetal attachment in both early and late 
pregnancy.   
7.2 Methodology 
The characteristics of the larger prospective study, aspects of procedure and design 
have been previously reported in Chapter 6 and are relevant for the current study.  In this 
study we make use of MAAS, EPDS, STAI, SLES, SCID, PBI, ECR and Demographic 
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Questionnaire as reported in Chapter 6 Section 6.5, and we undertake the statistical analysis 
as reported in Chapter 6 Section 6.6.  The characteristics and demographics of the sample 
population for the current study have been previously reported in Chapter 7 Section 2.  
Covariates utilized in the current study have also previously been reported in Chapter 7 
Section 3. 
7.3 Results 
Maternal-fetal attachment and maternal attachment style (H1). An exploratory 
correlational matrix was conducted to test hypothesis one.  We conducted this analysis to 
investigate and measure associations and relationship strength between maternal-fetal 
attachment including quality of fetal attachment, intensity of preoccupation and global 
maternal-fetal attachment during early and late pregnancy with maternal attachment 
including attachment style (ECR) and maternal experience of bonding with her parents (PBI).  
As can be seen in Table 12, maternal-fetal attachment is associated with maternal attachment 
style.  Specifically, as seen in Table 12, quality of fetal attachment has a significant negative 
association with attachment anxiety (r=-.19; r=-.24) and avoidance (r=-.27; r=-.37), during 
early and late pregnancy respectively. As seen in Table 12, these moderate associations 
increase in strength across the course of pregnancy.  Similarly, quality of fetal attachment has 
a significant negative association with maternal experience of overprotection from mother 
(r=-.20; r=-.20) and a significant positive association with maternal experience of care from 
mother (r=.33; r=.32), however these associations remained constant from early to late 
pregnancy.  Intensity of maternal preoccupation with the developing fetus had a weak non-
significant relationship with maternal attachment style with correlations ranging from r= .01 
to r=.11.  Interestingly, contrary to expectations, the relationship between maternal-fetal 
attachment and a maternal experience of bonding with her father is weak and non-significant 
across pregnancy with correlations ranging from r=.01 to r=.10.  The subscales of maternal-
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fetal attachment were significantly associated with one another, with correlations ranging 
from r=.48 through to r=.87; however, they were not multi-collinear.  Importantly, this 
indicates that while the subscales are measuring aspects of a similar construct, they are in fact 
measuring different aspects of the same construct.  Given that the quality of fetal attachment 
was the primary significantly associated maternal-fetal attachment subscale in this 
exploratory analysis, this will be the measure used for maternal-fetal attachment in further 
analysis.
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Table 12. 
Intercorrelations between maternal-fetal attachment and maternal attachment in early and late pregnancy  
(n = 204) 
    Early Pregnancy  Late Pregnancy 
M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Early Pregnancy  
1 
Quality of fetal attachment 
(MAAS) 44.62 3.67 
2 
Intensity of preoccupation 
(MAAS) 26.15 4.23 .48** 
3 Global attachment (MAAS) 74.78 7.72 .79** .87*** 
4 Attachment avoidance (ECR) 35.04 11.38 -.27*** -.09 -.24*** 
5 Attachment anxiety (ECR) 38.25 11.12 -.19*** .04 -.09 .44*** 
6 Mother care (PBI) 6.42 4.83 .33*** .04 .20** -.39*** -.30*** 
7 Father care (PBI) 11.33 5.57 .10 -.07 .02 -.35*** -.34*** .31*** 
8 Mother overprotection (PBI) 19.16 7.09 -.20** -.01 -.12 .21** .29*** -.43*** -0.12 
9 Father overprotection (PBI) 26.42 8.57 -.08 .01 -.05 .19** .17* -.16* -.26*** .52*** 
Late Pregnancy   
10 
Quality of fetal attachment 
(MAAS) 24.08 9.13 .66*** .37*** .55*** -.37*** -.21** .25*** .16* -.18* -.14 
11 
Intensity of preoccupation 
(MAAS) 11.59 7.45 .39*** .60*** .59*** -.14 .03 .03 .01 .17* .09 .54*** 
12 Global attachment (MAAS) 10.27 6.96 .58*** .575** .66*** -.27*** -.08 .15* .08 .04 -.01 .82*** .91*** 
13 Attachment avoidance (ECR) 45.98 2.99 -.37*** -.11 -.27*** .80*** .42*** -.34*** -.27*** .23** .22** -.48*** -.20** -.36*** 
14 Attachment anxiety (ECR) 28.16 4.35 -.24*** -.01 -.11 .39*** .78*** -.23** -.30*** .28*** .22** -.27*** -.03 -.16* .49*** 
15 Mother care (PBI) 78.69 6.75 .32*** .09 .25*** -.34*** -.27*** .89*** .31*** -.45*** -.27*** .25*** .06 .18* -.35*** -.29*** 
16 Father care (PBI) 34.65 10.36 .13 -.16 -.03 -.36*** -.32*** .35*** .89*** -.14 -.28*** .20** -.03 .08 -.34*** -.32*** .40*** 
17 Mother overprotection (PBI) 36.73 10.43 -.20*** .01 -.11 .19** .25*** -.43*** -.06 .91*** .51*** -.15* .14* .03 .23** .28*** -.48*** -.13 
18 Father overprotection (PBI) 6.32 4.72 -.16* .04 -.07 .23** .26*** -.27*** -.28*** .55*** .85*** -.18* .10 -.03 .26*** .29*** -.34*** -.33*** .573** 
Note: M = mean, SD = standard deviation *** p < .001, ** p < .01, * p < .05 
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 To further examine these associations and control for the influence of each variable on 
the outcome, a series of hierarchical regression analyses were run to examine the predictive 
value of maternal attachment style on quality of fetal attachment during both early and late 
pregnancy.  Examination of tolerance levels and multicollinearity among all variables 
indicated that there were no problems with the data. The independent variables were assessed 
as being sufficiently independent from one another and the assumption of independence of 
residuals was assessed and met through the Durbin-Watson statistic (2.107).  In order to 
control for confounding variables, identified covariates including use of cigarettes, alcohol, 
prescription medication and antidepressants during pregnancy and whether the pregnancy 
was planned were controlled for in model 1.  For both early and late pregnancy, a mother’s 
attachment style including attachment anxiety, and avoidance were included in model two.  
Maternal experience with her own parents including care and overprotection experienced 
from both mother and father were included in model three.  The unstandardized regression 
coefficients (B), the standard error of B (SE B), and the standardized regression coefficients 
(β), t-statistic and alpha for hierarchical multiple regression for early and late pregnancy are 
displayed in Table 13, 14 and 15 respectively. 
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Table 13 
Hierarchical regression analysis summary maternal attachment variables in early pregnancy 
predicting quality of fetal attachment in early pregnancy (n = 163) 
Variable R2 ∆ R2    B     SE B       β t p 
Model 3 0.18 0.05*      
Planned pregnancy   -0.54 0.73 -0.06 -0.75 .457 
Prescription medication   -0.41 0.71 -0.05 -0.58 .562 
Antidepressant medication  -1.04 1.03 -0.09 -1.01 .316 
Cigarette use   0.35 0.90 0.03 0.39 .697 
Alcohol use   -0.39 0.59 -0.05 -0.66 .508 
Attachment avoidance   -0.15 0.06 -0.23 -2.40 .018 
Attachment anxiety   -0.01 0.05 -0.01 -0.12 .907 
Care from mother   0.10 0.04 0.23 2.52 .013 
Care from father   -0.03 0.03 -0.07 -0.83 .409 
Mother overprotection   -0.03 0.05 -0.07 -0.70 .487 
Father overprotection     0.02 0.05 0.04 0.38 .702 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients 
 
 Presented in Table 13, in model one, the covariates were controlled for, this model did 
not significantly predict the variance in quality of fetal attachment in early pregnancy and 
none of the individual covariates were significant predictors in the model; however, 
antidepressant use in pregnancy was near statistical significance (β = -0.17; p = .074).  
Maternal attachment style accounted for an additional 7% of variance in early pregnancy 
quality of fetal attachment.  This model significantly predicted quality of fetal attachment 
R2=.12, F(7,155) = 3.07, p = .005; however, of the individual variables, only attachment 
avoidance was a significant predictor of the model (β = -0.28; p = .003).  As presented in 
Table 13, the full model significantly accounted for 17.6% of variance in quality of fetal 
attachment in early pregnancy R2=.18, F(11, 151) = 2.92, p = .002, with the addition of 
mothers experience of attachment with her own parents explaining an additional 5.4% of 
variance.  Of the individual predicators in the model, only attachment avoidance (β = -0.23; p 
= .018) and care from the mother (β = 0.23; p = .013) remained significant in the fully 
adjusted model.  
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Table 14  
Hierarchical regression analysis summary maternal attachment style variables in early 
pregnancy predicting quality of fetal attachment in late pregnancy (n = 162)  
Variable R2 ∆ R2 B SE B β t p 
Model 3 0.19 0.01      
Planned pregnancy   0.62 0.60 0.09 1.04 .300 
Prescription medication   0.27 0.58 0.04 0.47 .637 
Antidepressant medication  -0.37 0.84 -0.04 -0.45 .657 
Cigarette use   0.58 0.73 0.06 0.79 .433 
Alcohol use   0.25 0.48 0.04 0.52 .606 
Attachment avoidance   -0.18 0.05 -0.33 -3.44 .001 
Attachment anxiety   0.00 0.04 -0.01 -0.12 .908 
Care from mother   0.04 0.03 0.12 1.28 .204 
Care from father   0.00 0.03 -0.01 -0.13 .898 
Mother overprotection   0.01 0.04 0.02 0.16 .873 
Father overprotection     -0.03 0.04 -0.06 -0.65 .514 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients 
 
 Presented in Table 14, in model one, the covariates significantly predicted variance in 
the quality of fetal attachment in late pregnancy R2=.067, F(5,156) = 2.23, p  = .005; 
however, of the predictors, only whether the pregnancy was planned or not significantly 
contributed to the model (β = 0.20; p = .017).  The addition of maternal attachment style in 
early pregnancy explained an additional 11% of variance in late pregnancy quality of fetal 
attachment and led to a statistically significant increase R2=.18, F(7,154) = 4.77, p < .001; 
however, of the individual variables, only attachment avoidance significantly contributed to 
the model (β = -0.37; p <.001).  As shown in Table 14, the full model of maternal attachment 
style and maternal experience of attachment with parents in early pregnancy, controlling for 
covariates, significantly predicted late pregnancy quality of fetal attachment R2=.19, F(11, 
150) = 3.24, p < .001, explaining 19 % of variance on late pregnancy quality of fetal 
attachment.  Again as in early pregnancy, attachment avoidance significantly contributed to 
the model (β = -0.33; p = .001). 
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Table 15  
Hierarchical regression analysis summary maternal attachment style variables in late 
pregnancy predicting quality of fetal attachment n late pregnancy (n = 164)  
Variable R2 ∆ R2 B SE B β t p 
Model 3 0.28 0.01      
Planned pregnancy   0.31 0.55 0.04 0.56 .578 
Prescription medication   0.39 0.52 0.06 0.75 .456 
Antidepressant medication  0.39 0.79 0.04 0.50 .621 
Cigarette use   -0.02 0.69 0.00 -0.03 .978 
Alcohol use   0.16 0.44 0.03 0.35 .725 
Attachment avoidance   -0.24 0.05 -0.43 -4.54 .000 
Attachment anxiety   -0.02 0.04 -0.04 -0.49 .624 
Care from mother   0.03 0.03 0.10 1.06 .293 
Care from father   0.00 0.03 0.01 0.14 .888 
Mother overprotection   0.01 0.03 0.04 0.38 .708 
Father overprotection   -0.03 0.04 -0.06 -0.71 .477 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients 
 
 Presented in Table 15, in model one, the covariates significantly predicted variance in 
the quality of fetal attachment in late pregnancy R2=.07, F(5, 158) = 2.44, p  = .005; of the 
predictors, only whether the pregnancy was planned or not, significantly contributed to the 
model (β = 0.23; p = .006).  The addition of maternal attachment style in late pregnancy 
significantly explained an additional 19.5% of variance in quality of fetal attachment in late 
pregnancy in late pregnancy R2=.27, F(7,156) = 8.08, p < .001; however, of the individual 
variables, only attachment avoidance significantly contributed to the model (β = -0.47; p 
<.001).  The full model of maternal attachment style and maternal experience of attachment 
with parents in late pregnancy, significantly explained 27.7% of variance in late pregnancy 
quality of fetal attachment R2=.28, F(11, 152) = 5.30, p < .001.  The addition of experience of 
parental attachment in model three explained an additional 1.1%. Of the individual variables, 
only attachment avoidance significantly contributed to the model (β = -0.43; p <.001). The 
model was significant even after controlling for covariates.   
Maternal-fetal attachment, Secure, Dismissive, Fearful and Avoidant Maternal 
Attachment Style (H2). A series of one way analysis of variance were utilized to investigate 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
110 
hypothesis two and determine if there was a mean difference in the quality of fetal attachment 
in early and late pregnancy for mothers with secure, dismissive, fearful and preoccupied 
attachment style as determined by the ECR. Additional assumption testing from the data 
screening indicated that the assumption of homogeneity of variances was upheld in early 
pregnancy, and was violated in late pregnancy as assessed by Levene’s Test of homogeneity 
of Variances.  As such, the Welch statistic for analysis of variance and the Games-Howell 
statistics for post hoc tests were utilized for late pregnancy as these are robust to violations of 
this assumption.  
 As depicted in Table 17, the quality of fetal attachment in early pregnancy was the 
lowest for mothers who had the tendency to have a fearful attachment style in adulthood, 
followed by those who were dismissing and then those who were more likely to be 
preoccupied.  As expected, mothers with a more secure pattern of attachment in adulthood 
had the highest level of quality of fetal attachment in early pregnancy.  The differences in 
quality of fetal attachment, between the various attachment groups, which is also depicted in 
Figure 7, was statistically significant F(3, 198) = 6.41, p < .001.  Bonferroni post hoc analysis 
indicated that as expected there was a statistically significant mean decrease in quality of 
fetal attachment between the secure group and the dismissing (2.02, 95% CI [.02, 4.01], p = 
.046) and fearful groups (2.43, 95% CI [.82, 4.05], p < .001). Contrary to expectations, post 
hoc analysis indicated that the mean difference between the preoccupied, secure groups, the 
dismissing and fearful groups were not statistically significant.   
As presented in Table 16, the quality of fetal attachment in late pregnancy for the 
various attachment groups was consistent with that in early pregnancy.  That is, securely 
attached mothers had the highest level of quality of fetal attachment, followed by 
preoccupied, dismissing, and mothers with fearful attachment style had the lowest level of 
quality of fetal attachment in late pregnancy.  Interestingly, the difference between 
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preoccupied and secure attachment groups was marginal.  The differences in quality of fetal 
attachment between the various attachment groups, was statistically significant Welsh F(3, 
76) = 8.78, p < .001.  Games-Howell post hoc analysis indicated that consistent with early 
pregnancy, there was a statistically significant mean decrease in quality of fetal attachment 
between the secure group and the dismissing (1.78, 95% CI [.11, 3.46], p = .033), and fearful 
groups (2.19, 95% CI [.91, 3.47], p < .001). Additionally, the decrease in quality of fetal 
attachment in late pregnancy between mothers who were more preoccupied in attachment 
compared to mothers who were more fearful in attachment was also statistically significant 
(2.12, 95% CI [.71, 3.53], p < .001).
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Table 16  
One-way analysis of variance for effects of maternal attachment style in quality of fetal attachment in early and late pregnancy 
  Secure Preoccupied Dismissing Fearful ANOVA 
Variable  n M SD n M SD n M SD n M SD F MS df η2 
Early quality of fetal 
attachment 
                
57 46.02 3.11 24 45.63 2.62 36 44.00 3.5 82 43.59 3.97 6.41*** 79.04 3,198 .09 
Late quality of fetal 
attachment 
                
49 47.16 2.14 22 47.09 1.74 34 45.38 3.22 73 44.97 3.29 8.78*** 60.42 3, 76 .11 
Note: MS = mean squares, df = degrees of freedom, η2 = eta squared, *** p < .001 
 
  
 
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
113 
 
 Figure 6 illustrates the difference in the mean quality of fetal attachment over time for 
mothers with different adult attachment patterns or styles. As expected regardless of 
attachment style all groups showed increases in quality of fetal attachment over the time of 
pregnancy.  Despite expectations, while the securely attached group has higher levels of 
quality of fetal attachment in early and late pregnancy, over time they do not change at the 
same rate as the other groups which appear to increase at a higher rate.  Not surprisingly, the 
preoccupied attachment group is close to that of the securely attached group and appears to 
have the steepest increase in quality of fetal attachment over time.  The difference between 
the secure and preoccupied compared to the fearful and dismissive appears to be quite stark 
as the dismissive and preoccupied groups appear to be increasing in quality of fetal 
attachment at a slower rate over time.  
 
Figure 6. Mean difference in maternal-fetal attachment over time for attachment groups 
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Maternal-fetal attachment and maternal attachment and maternal mental health 
(H3).  In order to test hypothesis three, an exploratory correlational matrix was conducted to 
investigate and measure associations and relationship strength between maternal-fetal 
attachment and maternal mental health and maternal attachment. This includes quality of fetal 
attachment, intensity of preoccupation, global maternal-fetal attachment during early and late 
pregnancy with maternal attachment style, including maternal attachment with her parents, 
attachment style in adulthood and maternal mental health including state, trait anxiety and 
depressive symptoms.  The results are shown in Table 17, 18 and 19. 
 As can be seen in Tables 17a, b and c maternal-fetal attachment is associated with 
maternal attachment style.  Specifically, quality of fetal attachment during early and late 
pregnancy has a significant negative association with attachment anxiety, attachment 
avoidance and maternal experience of attachment with her mother in terms of care and 
overprotection.  This moderate association increases in strength across pregnancy.  Intensity 
of mother’s preoccupation with the developing baby had a weak non-significant relationship 
with maternal attachment avoidance (r=-.09) and maternal attachment anxiety (r=.04).  
Interestingly, as seen in Table 17, contrary to expectations, the relationship between 
maternal-fetal attachment and maternal experience of attachment with her own father is weak 
and non-significant with correlations ranging between r=.01 and r=.10.  The subscales of 
maternal-fetal attachment were significantly associated; however, they were not highly 
correlated and ranged in correlations between r=.48 and r=.87.  This indicates that while the 
subscales are measuring aspects of a similar construct, they are in fact measuring different 
aspects of the same construct.  Given that the quality of fetal attachment was the subscale of 
the MAAS with the greatest number of significant associations, in this exploratory analysis, 
this will be the measure used for maternal-fetal attachment in further analysis. 
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As can be seen in Table 19, the subscales in maternal-fetal attachment are 
significantly associated with one another. Interestingly, quality of fetal attachment is the 
subscale of maternal-fetal attachment that is the most highly and significantly correlated with 
predictor variables.  Despite expectations, intensity of preoccupation is only significantly 
correlated with attachment avoidance (r=-.20) and mother overprotection (r=-.15) in late 
pregnancy.  Given this, the correlations with the global maternal-fetal attachment scale which 
combines both intensity of preoccupation and quality of fetal attachment while significantly 
correlated with the predictors has weak correlations compared to that of quality of fetal 
attachment.  Comparatively, quality of fetal attachment is not only significantly correlated 
with majority of predictor variables; the strength of these associations is generally moderate.  
Interestingly, the only variables that quality of fetal attachment was not significantly 
associated with were stress and maternal attachment with father in both care and 
overprotection.  Given this exploratory correlation matrix, quality of fetal attachment appears 
to be the most significant outcome variable and as such will be utilized for further analysis.
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Table 17  
Intercorrelations between maternal-fetal attachment, maternal attachment style and maternal mental health in early pregnancy 
        Early Pregnancy 
    M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 
Early pregnancy 
1 
Quality of fetal 
attachment 44.62 3.67 
2 
Intensity of 
preoccupation 26.15 4.23 .48*** 
3 
Global 
attachment 74.78 7.72 .79*** .87*** 
4 
 
State anxiety 35.04 11.38 -.35*** .07 -.15* 
5 
 
Trait anxiety 38.25 11.12 -.35*** .02 -.18** .82*** 
6 
 
Depression 6.42 4.83 -.32*** .02 -.17* .79*** .80*** 
7 
 
Current stress 3.47 7.38 -.12 .10 -.03 .51*** .47*** .54*** 
8 
 
Past stress 6.85 11.35 -.12 .11 -.01 .48*** .45*** .48*** .92*** 
9 
Attachment 
avoidance 11.33 5.57 -.27*** -.09 
-
.24*** .42*** .41*** .43*** .39*** .31*** 
10 
Attachment 
anxiety 19.16 7.09 -.19** .04 -.09 .47*** .50*** .49*** .36*** .38*** .44*** 
11 Mother care 26.42 8.57 .33*** .04 .20** -.42*** -.41*** -.44*** -.31*** -.28*** 
-
.39*** -.30*** 
12 Father care 24.08 9.13 .10 -.07 .02 -.20** -.20** -.18** -.08 -.08 
-
.35*** 
-
.34*** .31*** 
13 
Mother 
overprotection 11.59 7.45 -.20** -.01 -.12 .34*** .40*** .35*** .15* .20** .21** .29*** 
-
.43*** -.12 
14 
Father 
overprotection 10.27 6.96 -.08 .01 -.05 .10 .23** .14 .01 .03 .19** .17* -.16* -.26*** .52*** 
                 
Note: M = mean, SD = standard deviation 
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Table 18  
Intercorrelations between maternal-fetal attachment, maternal attachment style and maternal mental health in late pregnancy 
        Late Pregnancy 
    M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 
Late pregnancy 
1 
Quality of fetal 
attachment 45.98 2.99 
2 
Intensity of 
preoccupation 28.16 4.35 .54*** 
3 
Global 
attachment 78.69 6.75 .82*** .91*** 
4 State anxiety 34.65 10.36 -.41*** -.09 
-
.26*** 
5 Trait anxiety 36.73 10.43 -.47*** -.08 
-
.28*** .82*** 
6 
 
Depression 6.32 4.72 -.41*** -.09 
-
.25*** .77*** .85*** 
7 
 
Current stress 2.69 6.19 -.10 .09 .01 .36*** .40*** .43*** 
8 
 
Past stress 5.78 11.65 -.05 .10 .05 .27*** .30*** .32*** .93*** 
9 
Attachment 
avoidance 11.06 5.06 -.48*** -.20** 
-
.36*** .42*** .49*** .47*** .33*** .20** 
10 
Attachment 
anxiety 19.17 6.71 -.27*** -.03 -.16* .45*** .54*** .51*** .33*** .29*** .49*** 
11 Mother care 25.80 8.57 .25*** .06 .18* -.28*** -.34*** -.30*** -.29*** -.27*** 
-
.35*** -.29*** 
12 Father care 23.45 8.78 .20** -.03 .08 -.24*** -.31*** -.23** -.02 -.03 
-
.34*** 
-
.32*** -.13 
13 
Mother 
overprotection 11.96 8.05 -.15* .14* .03 .29*** .32*** .30*** .20** .14 .23** .28*** -.33*** 
14 
Father 
overprotection 10.69 6.95 -.18* .10 -.03 .31*** .36*** .32*** .15 .08 .26*** .29*** -.27*** .57***  
15 
Clinical 
depression 1.60 .65 -.25*** -.04 -.16* .40*** .50*** .42*** .17* .07 .36*** .31*** -.13 .25*** .22** 
     
Note: M = mean, SD = standard deviation 
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Table 19 
Intercorrelations between maternal-fetal attachment, maternal attachment style and maternal mental health in early and late pregnancy 
    Early Pregnancy   
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Late pregnancy   
1 
Quality of fetal 
attachment .66*** .37*** .55*** -.33*** -.36*** -.32*** -.07 -.08 -.37*** -.21*** .25*** .16* -.18* -.14 .66*** 
2 
Intensity of 
preoccupation .39*** .60*** .59*** .01 -.02 -.04 .11 .09 -.14 .03 .03 .01 .17* .09 .39*** 
3 
Global 
attachment .58*** .58*** .66*** -.16* -.19** -.18* .05 .03 -.27*** -.08 .15* .08 .04 -.01 .58*** 
4 
 
State anxiety -.23*** .04 -.09 .66*** .65*** .58*** .38*** .37*** .36*** .39*** -.27*** -.21** .34*** .23** -.23*** 
5 
 
Trait anxiety -.31*** .02 -.14 .71*** .83*** .69*** .42*** .39*** .42*** .50*** -.34*** -.25*** .39*** .27*** -.31*** 
6 
 
Depression -.23** .02 -.12 .63*** .70*** .68*** .41*** .38*** .38*** .46*** -.30*** -.15* .33*** .23** -.23** 
7 
 
Current stress -.10 .05 -.02 .45*** .39*** .42*** .81*** .77*** .23*** .27*** -.27*** .03 .18* .03 -.10 
8 
 
Past stress -.05 .06 .01 .32*** .27*** .35*** .73*** .76*** .15* .23*** -.28*** -.02 .12 -.01 -.05 
9 
Attachment 
avoidance -.37*** -.11 -.27*** .40*** .38*** .43*** .40*** .31*** .80*** .42*** -.34*** -.27*** .23*** .22** -.37*** 
10 
Attachment 
anxiety -.24*** -.01 -.11 .46*** .47*** .44*** .34*** .35*** .39*** .78*** -.23** -.30*** .28*** .22** -.24*** 
11 
 
Mother care .32*** .09 .25*** -.39*** -.40*** -.41*** -.27*** -.25*** -.34*** -.27*** .89*** .31*** -.45*** -.27*** .32*** 
12 
 
Father care .13 -.16* -.03 -.24*** -.21** -.22** -.05 -.05 -.36*** -.32*** .35** .89** -.14 -.28*** .13 
13 
Mother 
overprotection -.20** .01 -.11 .31*** .37*** .32*** .17* .21** .19** .25*** -.43*** -.06 .91*** .51*** -.20** 
14 
Father 
overprotection -.16* .04 -.07 .26*** .34*** .26*** .08 .12 .23** .26*** -.27*** -.28*** .55*** .85*** -.16* 
15 
Clinical 
depression -.21** -.01 -.11 .52*** .57*** .50*** .22** .21** .34*** .26*** -.28*** -.27*** .24*** .22** -.21** 
    
Note: M = mean, SD = standard deviation 
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Not surprisingly, the maternal mental health variables such as state, trait anxiety and 
depression demonstrated strong positive correlations with one another in both early and late 
pregnancy with correlations ranging from r=.45 to r = .92.  There was also a significant 
positive relationship between the depression, anxiety variables and life stress across 
pregnancy.  As expected, maternal anxiety and depression also had a significant moderate to 
strong positive relationship with maternal attachment avoidance and anxiety that was again 
consistent across early and late pregnancy.  Interestingly, maternal mental health variables 
were more highly correlated with maternal attachment experience with mother compared to 
father.  
 A series of hierarchical regression analysis were run using pairwise deletion method 
to examine the predictive value of maternal attachment style and maternal mental health in 
both early and late pregnancy on quality of fetal attachment during late pregnancy. 
Examination of tolerance levels and multicollinearity among all variables indicated that there 
were no problems with the data. The independent variables were assessed as being 
sufficiently independent from one another and the assumption of independence of residuals 
was assessed and met through the Durbin-Watson statistic.  In order to control for 
confounding variables, identified covariates including use of cigarettes, alcohol, prescription 
medication and antidepressants during pregnancy and whether the pregnancy was planned 
were controlled for in model 1.  For both early and late pregnancy maternal mental health, 
including state and trait anxiety, depression, and stress were included. Model 4 consisted of 
maternal attachment style variables including attachment and avoidance anxiety while model 
5 was inclusive of a mother’s experience of attachment with her own parents in early and late 
pregnancy, including care received and overprotection from mother and father separately. 
The unstandardized regression coefficients (B), the standard error of B (SE B), and the 
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standardized regression coefficients (β), t-statistic and p value for hierarchical multiple 
regression for early and late pregnancy are displayed in Table 20 and 21 respectively. 
 
Table 20  
Hierarchical regression analysis full model maternal mental health and attachment variables 
in early pregnancy predicting quality of fetal attachment in late pregnancy (n = 152) 
Variable R2 ∆ R2 B SE B β t p 
Model 5 .26 .01      
Planned pregnancy   .54 .61 .08 .89 .377 
Prescription medication   .03 .60 .01 .05 .959 
Antidepressant medication  .15 .88 .02 .17 .866 
Cigarette use   .63 .73 .07 .86 .392 
Alcohol use   .37 .49 .06 .76 .450 
State anxiety   .00 .04 .00 .03 .977 
Trait anxiety   -.07 .04 -.28 -1.75 .083 
Depression   -.04 .08 -.07 -.52 .606 
Current stress   .12 .07 .37 1.72 .087 
Past stress   -.03 .05 -.11 -.57 .569 
Attachment avoidance   -.20 .05 -.37 -3.60 .000 
Attachment anxiety   .01 .05 .02 .20 .842 
Mother care   .03 .03 .08 .87 .384 
Father care   -.01 .03 -.03 -.30 .764 
Mother overprotection   .03 .04 .07 .65 .517 
Father overprotection     -.01 .04 -.03 -.25 .801 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients 
*** p < .001, ** p < .01, *p < .05 
 
 In model one, the covariates did not significantly predict variance in the quality of 
fetal attachment in late pregnancy. Of the covariates, the only variable that independently and 
significantly contributed to the model was whether or not the pregnancy was planned.  This 
variable remained near statistical significance in model two and three.  It therefore may be 
considered to have been confounding the variance explained in maternal-fetal attachment by 
maternal attachment style.  While the addition of maternal mental health variables including 
anxiety and depression significantly explained an additional 8% of variance in late pregnancy 
quality of fetal attachment R2=.14, F(8, 143) = 2.88, p = .005, none of the individual 
variables significantly contributed to the model; however, trait anxiety was near statistical 
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significance in contributing to the model.  Model 3 significantly explained 16.2% of total 
variance in quality of fetal attachment in late pregnancy R2=.16, F(10, 141) = 2.72, p = .004, 
while none of the individual predictors significantly contributed to the model. Both trait 
anxiety and current stress were near clinical significance and could be considered to be 
contributing to the model.  The addition of maternal attachment style in model 4 significantly 
explained an additional 9% of variance in quality of fetal attachment, with attachment 
avoidance being the only significant predictor contributing to the model R2=.25, F(12, 139) = 
3.89, p < .001.   
 The full model including maternal mental health and maternal attachment style 
significantly explained 25% of total variance in quality of fetal attachment in late pregnancy 
R2=.26, F(16, 135) = 2.91, p < .001.  The addition of a mother’s experience of attachment 
with her own parents only explained an additional .5% of variance and the only individual 
variable that significantly contributed to the full model was attachment avoidance; again 
however, trait anxiety and current stress were also near statistical significance and may be 
considered to be contributing to the model.  The model was significant even after controlling 
for covariates.   
 As shown in Table 21, in model one, the covariates significantly predicted variance in 
the quality of fetal attachment in late pregnancy R2=.08, F(5, 151) = 2.71, p = .023.  Of the 
covariates, the only variable that independently and significantly contributed to the model 
was whether or not the pregnancy was planned.  The addition of late pregnancy maternal 
anxiety and depression significantly predicted an additional 22% of variance in late 
pregnancy quality of fetal attachment R2=.30, F(8, 148) = 8.00, p < .001. Both planned 
pregnancy and state anxiety independently and significantly contributing to the model, while 
trait anxiety was near statistical significance in contributing to the model.  Model 3 with the 
addition of stress in late pregnancy only explained an additional 1.8% of variance and this 
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was not significant R2=.32, F(14, 146) = 1.90 p = .154, with planned pregnancy and 
pregnancy emotional distress significantly contributing to the overall model.  The addition of 
maternal attachment style in late pregnancy significantly explained an additional 10.5% of 
variance in quality of fetal attachment in late pregnancy R2=.42, F(2, 144) = 13.11, p < .001, 
in this model. Maternal attachment avoidance and state anxiety significantly contributed to 
the model, while current stress and trait anxiety were near statistical significance in 
contributing to the model.   
 The full model of late pregnancy maternal mental health, psychological distress, 
attachment and attachment with parents explained 42.9% of total variance in late pregnancy 
quality of fetal attachment. The addition of maternal boding with mother and father only 
explaining an additional 1% of variance and the addition of maternal bonding with parents 
did not significantly improve the variance explained in quality of fetal attachment in late 
pregnancy R2=.43, F(4, 140) = .27, p  = .896.  Of the individual variables in the full model, 
only maternal attachment avoidance significantly contributed to the model.   
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Table 21 
Hierarchical regression analysis summary full model maternal mental health and attachment variables in late pregnancy predicting quality of 
fetal attachment in later pregnancy (n =157) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: ∆ R2 = change in R2, B=unstandardized regression coefficients, SE B =the standard error of B, β=standardized regression coefficients 
 R2 ∆ R2 p B SE B β t p 
Model 5 .43 .01 .886 
Planned pregnancy .53 .53 .07 1.00 .319 
Prescription medication .20 .49 .03 .41 .684 
Antidepressant medication .128 .13 .76 .01 .17 
Cigarette use .30 .66 .03 .45 .653 
Alcohol use .29 .42 .05 .69 .494 
State anxiety -.07 .03 -.26 -2.15 .034 
Trait anxiety -.07 .04 -.25 -1.62 .106 
Depression .01 .08 .01 .09 .929 
Current stress .12 .08 .30 1.55 .124 
Past stress -.02 .04 -.09 -.49 .623 
Attachment avoidance -.25 .05 -.42 -4.70 .000 
Attachment anxiety .03 .04 .07 .80 .424 
Mother care .02 .03 .07 .81 .420 
Father care -.02 .03 -.05 -.64 .524 
Mother overprotection .02 .03 .07 .74 .459 
Father overprotection .01 .04 -.01 -.07 .942 
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7.4 Summary of Results 
 This study aimed to examine the relationship between maternal attachment style and 
the development of maternal-fetal attachment during pregnancy.  The study also aimed to 
examine the associations and predictive role of both maternal mental health and attachment 
variables in maternal-fetal attachment in early and late pregnancy. 
 The results provided partial support for the hypothesis that there would be a 
significant negative relationship between maternal-fetal attachment and maternal attachment 
style in both early and late pregnancy.   While there were significant associations between 
maternal attachment style and maternal-fetal attachment, contrary to expectations only 
maternal attachment avoidance and maternal care received from mother significantly 
predicted quality of maternal fetal attachment.  The results indicated a moderate negative 
association between maternal attachment anxiety, avoidance and maternal-fetal attachment.  
A positive association between maternal experience of mother care and maternal-fetal 
attachment was also found.  Results from hierarchical analysis showed that these variables 
were predictive of maternal-fetal attachment in pregnancy.  Contrary to expectations, there 
was only very weak association found between maternal-fetal attachment and experience of 
father care and over protection. 
The hypothesis that maternal-fetal attachment would be significantly associated with 
maternal secure, fearful, dismissing and preoccupied adult attachment style in pregnancy was 
supported.  As hypothesized, mothers with a secure attachment style had the highest levels of 
maternal-fetal attachment in early pregnancy and there were significant differences in levels 
of maternal-fetal attachment across the four adult attachment style groups in both early and 
late pregnancy.   
 The hypothesis that there would be a significant negative association between 
maternal mental health, maternal attachment style and maternal-fetal attachment in early and 
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late pregnancy was partially supported.  The findings indicated that when considered 
together, maternal mental health and attachment variables were associated with maternal-fetal 
attachment, with the variables correlating as expected.  Results from the hierarchical 
regressions showed that when considered together in a model, only anxiety and maternal 
attachment avoidance were predictive of maternal-fetal attachment.  Contrary to expectations, 
maternal experience of bonding with parents did not predict maternal-fetal attachment. 
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CHAPTER 8: Study 3. The Role of Oxytocin, Cortisol, Maternal Mental Health and 
Attachment on Maternal Attachment in Pregnancy 
8.1 Introduction 
Study Aim. The aim of the current study was to make use of pilot data form a 
subgroup of MPEWS participants (n=36) where hormonal assays have been conducted in 
order to report on a nested case controlled study. The selection of these participants has been 
described above in the method section.  
This pilot study conducted preliminary analysis exploring the link and association 
between maternal mental health, maternal attachment history, maternal hormonal changes in 
oxytocin and cortisol; and the development of maternal-fetal attachment and attachment in 
early to late pregnancy.  Examining the role of maternal factors and combining the 
psychological with the biological will allow preliminary exploration of the contributing 
factors to maternal and infant health, well being and attachment.  It is important to explore 
these preliminary associations in order to begin to understand the impact of various factors on 
the health of both mother and baby well-being.  Furthermore, it is important to develop an in-
depth understanding of the biological and psychological factors impacting on maternal 
health, baby health, well being and the attachment process given the significant long term 
impact that this has been shown to have on the development of the infant and health of the 
mother.  It is expected that following the exploration of preliminary associations that a larger 
more in depth longitudinal study, which is beyond the scope of the current study, would need 
to be conducted to further understand these relationships with the hope of developing targeted 
screening and early interventions that may subsequently change the long term trajectory for 
infants and their mothers. 
Due to the limited small sample size of this pilot data, it is acknowledged that there 
are some limitations on the statistical analysis able to be conducted, and that those analyses 
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that are conducted may be lacking in power that subsequently impacts on results.  However, 
this small nested case control study is part of preliminary investigations combining both 
psychological and biological aspects, and is therefore important to conduct prior to launching 
into any further large longitudinal studies, which is beyond the scope of the current study.  It 
was hypothesised that:  
 
Hypothesis 1: There would be a relationship between maternal mental health, maternal 
attachment style, oxytocin and cortisol in early and late pregnancy and maternal-fetal 
attachment and oxytocin levels in early and late pregnancy.   
Hypothesis 2: Maternal-fetal attachment and oxytocin will increase and cortisol will 
decrease over pregnancy.  
Hypothesis 3: There would be a difference in maternal-fetal attachment, cortisol and 
oxytocin levels for mothers who are clinically depressed compared to mothers who have a 
past history of depression and controls. 
Hypothesis 4: There would be a difference in maternal-fetal attachment, oxytocin and 
cortisol levels in early and late pregnancy for mothers exposed to depression during 
pregnancy compared to mothers who did not experience exposure during pregnancy. 
8.2 Method 
The characteristics of the larger prospective study, aspects of procedure, and design 
have been previously reported in Chapter 6 and are relevant for the current study.  In this 
study, we make use of MAAS, EPDS, STAI, SLES, ECR, PBI, oxytocin, cortisol, SCID and 
Demographic Questionnaire as reported in Chapter 6 Section 6.5; we undertake the statistical 
analysis as reported in Chapter 6 Section 6.6. 
8.2.1 Demographics. The demographics reported relate to a smaller subset of the larger 
study sample that was utilised for study 1 and 2. 
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In the current study, the sample population was divided into three groups, those with 
clinical depression, those taking antidepressants and control group.  Classification of clinical 
depression was determined via assessment of both the SCID and EPDS. Ten participants 
were classified as depressed, eight participants were taking antidepressant medication and 19 
participants were allocated to the control group.  The sample was also divided into groups 
based on history of depression as assessed by the SCID with seven participants in the 
clinically depressed group, 14 with past history of clinical depression, and 16 participants 
with no history of clinical depression.   
The social and demographic details of participants are shown in Table 22.  The mean 
age of the participants was 31.31 years and ranged from 20.4 to 43.3 years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
129 
Table 22.  
Social and demographic means and percentages 
Demographic N n (%) 
Country of birth 36  
Australia  26 (72.2) 
Other  10 (27.8) 
Marital status 36  
Married; first marriage  24 (66.7) 
Married; second or later 
marriage  1 (2.8) 
De facto  7 (19.4) 
Stable relationship not 
living together  1 (2.8) 
Not currently in a 
relationship  3 (8.3) 
Highest schooling 
completed 36  
By year 10  2 (5.6) 
Completed year 11  2 (5.4) 
Completed year 12  32 (88.9) 
Further study 36  
None  4 (11.1) 
Certificate/Diploma  9 (25.0) 
Bachelor’s degree  10 (27.8) 
Postgraduate degree  13 (36.1) 
Employment status  36  
Full-time employment  25 (69.4) 
Part-time employment  4 (11.1) 
Casual employment  2 (5.6) 
Unemployed  1 (2.8) 
Student  1 (2.8) 
Other  3 (8.3) 
Annual household income  31  
 
The pregnancy demographics are detailed in Table 23.  The current sample population 
predominately had planned pregnancy 82.9% and only 6% required medical assistance to 
conceive.  Majority of the births occurred via a normal vaginal delivery.  There was an even 
spread of male and female infants born with a mean gestation age at birth of 39.5 weeks. 
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Table 23.  
Social and demographic means and percentages 
Pregnancy Demographic N n (%) 
Planned pregnancy? 35  
No  6 (17.1) 
Yes  29 (82.9) 
Medical assistance to 
conceive 29  
No  23 (79.3) 
Yes  6 (20.7) 
Medication use during 
pregnancy (Wave 1) 36  
No  24 (66.7) 
Yes  12 (33.3) 
Antidepressant use leading 
up to/during pregnancy 
(Wave 1) 
35  
No  27 (77.1) 
Yes  8 (22.9) 
Smoking during pregnancy 
(Wave 1) 12  
No  7 (58.3) 
Yes  5 (41.7) 
Alcohol consumption 
during pregnancy (Wave 1) 28  
  18 (64.3) 
  10 (35.7) 
Mode of delivery 37  
Normal vaginal  25 (67.6) 
Caesarean section  12 (32.4) 
Infant Gender 37  
Male  19 (51.4) 
Female  18 (48.6) 
 
8.3 Results 
 In order to address hypothesis one in this study, we conducted a series of exploratory 
correlational matrices and scatterplots were conducted to investigate associations and 
relationship strength between maternal hormonal levels, maternal attachment style, maternal 
mental health and maternal-fetal attachment during early and late pregnancy.  It is noted that 
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many of the associations are not statistically significant and are generally weak to moderate 
and in the range of r=.00 to r = .73; however, this is to be expected given the small sample 
size in this preliminary study.  
Maternal hormonal levels and maternal-fetal attachment.   
A series of scatterplots and correlation tables were utilised to explore the associations 
between maternal hormone levels and maternal-fetal attachment in pregnancy.  Table 24 
shows inter-correlations between maternal hormonal levels and maternal-fetal attachment in 
early and late pregnancy. 
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Table 24  
Intercorrelations between oxytocin, cortisol and maternal-fetal attachment in early and late pregnancy (n = 37)  
 M SD Early Pregnancy Late Pregnancy  1 2 3 4 5 6 7 8 9 
Early pregnancy   
1. Oxytocin plasma pg/mL 2467.38 1276.29 
2. Cortisol plasma pg/mL 19252.93 8807.15 .20 
3. Quality of fetal attachment 44.08 2.91 -.07 -.03 
4. Intensity of preoccupation 26.14 4.16 -.09 .22 .63*** 
5. Global maternal-fetal 
attachment 74.54 7.03 -.10 .12 .86*** .93*** 
Late pregnancy   
6. Oxytocin plasma 20785.79 18487.77 .93*** .12 -.14 -.15 -.16 
7. Cortisol plasma 36012.98 15989.28 -.02 .40* -.22 .09 -.03 .00 
8. Quality of fetal attachment 46.11 2.23 -.48** -.03 .50** .21 .38 -.41 -.12 
9. Intensity of preoccupation 28.27 3.49 -.02 .18 .49** .54*** .60*** -.10 -.10 .46* 
10. Global maternal-fetal 
attachment 78.81 5.17 -.19 .13 .56*** .47* .58*** -.21 -.14 .74*** .92*** 
*** p <.001, **p = .01, *p = .05 
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As illustrated in Table 24, contrary to expectations, quality of fetal attachment had a 
negative association with oxytocin in early and late pregnancy respectively: as oxytocin 
levels increase, quality of fetal attachment decreased (r=-.07, r=-.48).  Similarly, intensity of 
preoccupation also had a weak negative association with oxytocin (r=-.09, r=-.02) higher 
levels of intensity of preoccupation are associated with lower levels of oxytocin.  Global 
maternal-fetal attachment had a stronger association with oxytocin (r=-.10, r=-.19), however 
this relationship remained negative. These suggest that higher levels of oxytocin in both early 
and late pregnancy are associated with lower levels of global maternal-fetal attachment in 
both early and late pregnancy.  As expected, in early pregnancy, higher levels of cortisol 
were associated with lower level of quality of fetal attachment, and this remained constant in 
late pregnancy (r=-.03, r=-.03).  Despite expectations, cortisol in early pregnancy had a 
positive moderate relationship with intensity of preoccupation (r=.22) and global maternal-
fetal attachment (r=.12).  That is, higher levels of cortisol were associated with higher levels 
of global maternal-fetal attachment and intensity of preoccupation in both early and late 
pregnancy.  As expected, cortisol levels in late pregnancy were negatively associated with all 
aspects of maternal-fetal attachment.  That is, in late pregnancy, higher cortisol levels were 
associated with lower levels of quality of fetal attachment, lower intensity of preoccupation, 
and lower levels of overall global maternal-fetal attachment.   
The relationships between oxytocin, cortisol and maternal-fetal attachment were 
explored in via the analysis of scatterplots and lines of best fit were added for clinical 
depression, antidepressant use and control The scatterplots for global fetal attachment is 
shown in Figures 7 and 8.  A strong positive relationship between oxytocin levels and 
increase in quality of fetal attachment for the control group was found, as oxytocin increase 
so does level quality of fetal attachment.  This relationship is consistent with the association 
found between oxytocin levels, intensity of preoccupation, and global attachment for the 
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control group.   
 
Figure 7. Scatterplot and line of best fit for global maternal-fetal attachment and oxytocin
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 Figure 8. Scatterplot and line of best fit for global maternal-fetal attachment and cortisol 
 
Similarly, for the antidepressant group there appears to be a moderate positive 
relationship between oxytocin levels and maternal-fetal attachment including quality of fetal 
attachment, intensity of preoccupation and global attachment.  In comparison, for the 
clinically depressed group there appears to be a weak negative association between oxytocin 
levels and quality of fetal attachment; that is, as the oxytocin levels rise, quality of fetal 
attachment decreases, this may in part be influenced by not only the small sample size but by 
the extreme outlier.  Interestingly, for this group, the association between intensity of 
preoccupation and global attachment appears to be that of a weak positive relationship 
indicating that as oxytocin levels increase there is a small increase in both intensity of 
preoccupation and global attachment.   
Compared with oxytocin levels, as cortisol levels increase for the control group of 
mothers, quality of fetal attachment appears to remain the same.  This association is similar to 
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the association between both cortisol levels and intensity of preoccupation, and global 
attachment for the control group.  Similarly, the antidepressant group showed a very weak 
positive relationship between cortisol levels and maternal-fetal attachment including quality 
of fetal attachment, intensity of preoccupation and global attachment.  Comparatively, for the 
clinically depressed group there was a strong positive association between cortisol levels and 
maternal-fetal attachment.  That is, as cortisol levels increased for those in the depressed 
group so did levels of quality of fetal attachment, intensity of preoccupation and global 
attachment.  Again, it is important to consider the outlier in this group that may have 
influenced the results.     
Maternal hormonal levels and maternal attachment style.  A series of scatterplots 
and correlation tables were utilized to explore the associations between maternal hormone 
levels and maternal attachment styles in pregnancy.  Table 25, 26 and 27  depicts the 
intercorrelations between maternal hormonal levels and maternal attachment style in both 
early and late pregnancy. 
As can be seen in Table 25, oxytocin levels in early pregnancy demonstrated a weak 
to moderate positive association with maternal attachment avoidance and anxiety; that is, 
higher levels of oxytocin were associated with higher levels of attachment avoidance (r=.05, 
p=.780) and anxiety (r=13, p=.439).  As seen in Table 26, this relationship changed in late 
pregnancy with higher levels of oxytocin in late pregnancy associated with lower levels of 
maternal attachment anxiety (r=-.06, p=.732).  Contrary to expectations, there was a negative 
relationship between oxytocin and maternal experience of bonding with her parents.  In 
particular, higher levels of oxytocin in early pregnancy were associated with lower levels of 
experience of care from mother (r=-.12, p=.498) and father (-.14, p=.414); this remained 
consistent for late pregnancy.  Similarly, experience of parental overprotection was 
associated with higher levels of oxytocin in early pregnancy for mother and father 
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respectively (r=.27, p=.110; r=.18, p=.282).  These relationships were mimicked with the 
oxytocin levels in late pregnancy.  Oxytocin in late pregnancy had a negative association with 
attachment anxiety (r=-.06, p=.732); that is, higher level of oxytocin in late pregnancy was 
associated with lower levels of attachment anxiety in late pregnancy.  Interestingly, despite 
expectations, oxytocin levels in early and late pregnancy were positively associated with the 
overall maternal attachment style; in both early and late pregnancy respectively (r=.26, 
p=.123; r=.12, p=.473), higher levels of oxytocin were associated with increased levels of 
maternal attachment difficulties.   
As depicted in Table 25, 26 and 27 , cortisol levels in early pregnancy, not 
surprisingly, were positively associated with attachment anxiety (r=.13, p=.439) and 
avoidance (r=.20, p=.239) in early pregnancy; however, interestingly, in late pregnancy 
higher levels of cortisol was associated with lower levels of attachment avoidance (r=-.13, 
p=.440) and higher levels of attachment anxiety (r=-.08, p=.632). 
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Table 25  
Intercorrelations between oxytocin, cortisol and maternal attachment in early pregnancy (n = 37)  
 M SD Early Pregnancy 
 1 2 3 4 5 6 7 8 
Early pregnancy    
1. Oxytocin plasma pg/mL 2467.38 1276.29  
2. Cortisol plasma pg/mL 19252.94 8807.15 .20  
3. Attachment avoidance 11.35 4.17 .05 .20  
4. Attachment anxiety 20.60 7.10 .13 .11 .66***  
5. Mother care (PBI) 25.35 8.56 -.23 -.12 -.34* -.29  
6. Father care (PBI) 22.68 8.83 -.07 .00 -.13 -.22 .10 
7. Mother overprotection 
(PBI) 12.73 8.09 .28 .33* .25 .45** -.32 .03 
8. Father overprotection (PBI) 12.00 6.49 -.04 -.10 .27 .28 -.07 -.24 .50** 
9. Overall maternal attachment  0.21 1.01 .26 .28 .73*** .78*** -.66*** -.10 .71*** .36* 
Note: M = mean, SD = standard deviation, r = Pearsons correlation; *** U <.001, **U = .01, *U = .05 
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Table 26 
Intercorrelations between oxytocin, cortisol and maternal attachment in late pregnancy (n = 37)  
 M SD Late Pregnancy 
 1 2 3 4 5 6 7 8 
Late pregnancy    
1. Oxytocin plasma pg/mL 20785.79 18487.77  
2. Cortisol plasma pg/mL 36012.98 15989.28 .00  
3. Attachment avoidance 11.62 4.82 .09 -.13  
4. Attachment anxiety 20.35 7.25 -.06 -.08 .54***  
5. Mother care 25.22 8.62 -.12 .20 -.41* -.38*  
6. Father care 23.60 7.00 -.14 -.24 -.17 -.22 .03 
7. Mother overprotection 13.14 8.51 .27 .25 .23 .47** -.29 .13 
8. Father overprotection 12.36 5.64 .18 .33 .27 .41* -.09 -.16 .57*** 
9. Overall maternal attachment  0.33 1.11 .12 -.07 .76*** .80*** -.71*** -.11 .63*** .41 
Note: M = mean, SD = standard deviation, r = Pearsons correlation; *** U <.001, **U = .01, *U = .05 
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Table 27  
Intercorrelations between oxytocin, cortisol and maternal attachment in early and late pregnancy (n = 37)  
 Early Pregnancy 
 1 2 3 4 5 6 7 8 9 
1. Oxytocin plasma pg/mL .93*** .12 .00 .14 -.23 -.08 .36* -.04 .26 
2. Cortisol plasma pg/mL -.02 .40* .03 -.05 .11 -.14 .31 .20 .07 
3. Attachment avoidance .14 -.16 .65*** .48** -.24 -.02 .14 .23 .50*** 
4. Attachment anxiety -.04 .08 .53*** .77*** -.17 -.17 .31 .36* .57*** 
5. Mother care -.14 .00 -.47** -.49** .85*** .08 -.25 -.10 -.67*** 
6. Father care -.16 .01 -.27 -.29 -.02 .77*** .02 -.22 -.13 
7. Mother overprotection .20 .27 .28 .50** -.26 .07 .90*** .46** .68*** 
8. Father overprotection .17 .05 .23 .36* -.05 -.23 .50** .77*** .35* 
9. Overall maternal attachment  .14 .05 .64*** .75*** -.53*** -.10 .50** .34* .81*** 
 
Note: M = mean, SD = standard deviation, r = Pearsons correlation; *** p <.001, ** p = .01, * p = .05 
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 The cortisol levels in late pregnancy continued to be associated with higher levels of 
attachment avoidance and anxiety in late pregnancy and was also positively associated with 
experience of parent’s overprotection.  As expected, cortisol in early and late pregnancy had 
a positive relationship with overall maternal attachment style in early and late pregnancy 
respectively (r=.28, p=.099; r=.07, p=.701) that is across pregnancy higher cortisol levels 
were associated with greater levels of attachment difficulties.   
 These associations are examined in further detail for the antidepressant, depressed and 
control exposure groups through the analysis of scatterplots.  Figure 9 and Figure 10 show 
the associations between maternal attachment style factor and maternal hormone levels for 
the exposure groups.   
 As shown in Figure 9, there is a weak to moderate positive association between 
attachment and oxytocin levels for the control group.  That is, the more positive the maternal 
attachment style in terms of lower levels of attachment anxiety and avoidance, the higher the 
level of oxytocin which would be expected.  Similarly, for the antidepressant group there is a 
very strong positive association between attachment and oxytocin levels.  Comparatively, for 
those who are depressed, it appears that there is a moderate negative association between 
attachment and oxytocin levels. Higher levels of oxytocin for this group are associated with 
poorer maternal attachment style, with higher attachment anxiety and avoidance.  
Figure 10 depicts the association between cortisol levels and maternal attachment 
style.  As expected, for the antidepressant and depressed group there is a weak negative 
association between cortisol levels and attachment.  That is, a higher level of cortisol is 
associated with poorer maternal attachment style meaning higher levels of attachment anxiety 
and avoidance.  Contrary to expectations, there is a weak positive relationship between 
cortisol levels and maternal attachment style for the control group; meaning that for this 
group, higher levels of cortisol are associated with more ideal maternal attachment style, 
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lower attachment anxiety and avoidance. 
 
.Figure 9. Scatterplot and line of best fit for maternal attachment style factor and oxytocin 
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Figure 10. Scatterplot and line of best fit for maternal attachment style factor and cortisol 
Maternal Hormonal levels and maternal mental health.  A series of scatterplots 
and correlation tables were conducted to explore the associations between maternal hormone 
levels and maternal mental health in pregnancy.  Table 28 shows the intercorrelations 
between the maternal hormonal levels and maternal mental health in both early and late 
pregnancy.   
Unpredictably, oxytocin levels in both early and late pregnancy showed weak to 
moderate positive relationships with maternal mental health, including anxiety and 
depression in both early and late pregnancy. That is, higher levels of oxytocin throughout 
pregnancy were associated with higher levels of maternal depression and anxiety in early and 
late pregnancy.  Comparatively, as expected, cortisol in early pregnancy demonstrated a very 
weak positive relationship with maternal depression and anxiety in early pregnancy, 
indicating that higher levels of maternal mental health difficulties are associated with higher 
levels of cortisol.  Contrary to expectations, however, cortisol levels in early pregnancy had 
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weak negative relationships with maternal mental health in late pregnancy.  Cortisol levels in 
late pregnancy also demonstrated a weak to moderate negative relationship with maternal 
mental health in late pregnancy, higher levels of depression and anxiety in late pregnancy 
was associated with lower levels of cortisol in late pregnancy.   
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Table 28  
Intercorrelations between oxytocin, cortisol and maternal mental health in early and late pregnancy (n=37) 
   Early Pregnancy   Late Pregnancy  
       
 M SD 1 2 3 4 5  6 7 8 9 10 
Early pregnancy              
1. Oxytocin plasma pg/mL 2467.38 1276.29            
2. Cortisol plasma pg/mL 19252.93 8807.15 .20           
3. State anxiety 39.27 13.70 .31 .00          
4. Trait anxiety 39.57 12.69 .28 .08 .86***         
5. Depression 7.81 5.45 .38* .06 .84*** .85***        
Late pregnancy              
6. Oxytocin plasma 20785.79 18487.77 .93*** .12 .29 .24 .36*       
7. Cortisol plasma 20785.79 18487.77 -.02 .40* -.01 -.06 -.02  .00     
8. State anxiety 35.68 9.87 .23 -.10 .75*** .76*** .61***  .20 -.02    
9. Trait anxiety 37.70 10.86 .26 -.02 .82*** .89*** .77***  .20 -.02 .87***   
10. Depression 6.78 5.28 .30 -.14 .71*** .78*** .78***  .24 -.24 .77*** .80***  
11. Clinical depression  1.76 0.76 .16 -.12 .57*** .52*** .48**  .23 -.09 .42** .44** .38* 
Note: M = mean, SD = standard deviation, r = Pearsons correlation;  *** U <.001, **U = .01, *U = .05 
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These relationships are explored in further detail for each of the exposure groups via 
examination of scatterplots.  Figure 11 through to Figure 16 show the associations between 
maternal attachment style factor and maternal mental health levels for the exposure groups.   
As shown in Figure 11, 12 and 13, as expected for the depressed group, there is a 
weak negative association between maternal mental health including depression, state 
anxiety, trait anxiety; and oxytocin levels. Higher levels of oxytocin are associated with 
lower levels of depression and anxiety.   Similarly, for the control group, there is a moderate 
to strong negative relationship between oxytocin levels and depression.  Contrary to 
expectations, however, the association between state anxiety and oxytocin for the control 
group is only a weak negative relationship and it appears that the relationship between trait 
anxiety and oxytocin levels for the control group may in fact be slightly positive. That is, 
higher levels of oxytocin are associated with slightly higher levels of trait anxiety.  
Interestingly, for the antidepressant group, there is a moderate positive relationship between 
oxytocin levels and maternal mental health including depression, trait anxiety and a strong 
positive relationship between oxytocin levels and state anxiety; that is, higher levels of 
oxytocin are associated with higher levels of state anxiety for the antidepressant group.  
Depicted in Figure 14, contrary to expectations, there is a moderate negative 
association between depression and cortisol levels for the control and depressed groups.  
Comparatively, there is a very weak negative association between cortisol levels and 
depression for the antidepressant groups.  That is, for all groups, higher levels of cortisol are 
associated with lower levels of depression.  
As shown in Figure 15, contrary to expectations, there is also a weak to moderate 
negative association between cortisol levels and state anxiety for the depressed and 
antidepressant groups; that is, higher levels of cortisol for these groups is associated with 
lower levels of state anxiety.  As expected, for the control group, there is a weak positive 
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relationship between state anxiety and cortisol levels with higher levels of cortisol associated 
with higher levels of maternal state anxiety. Shown in Figure 16, the relationships between 
trait anxiety and cortisol levels appear to be very weak for each of the exposure groups.  As 
expected, there is a very weak positive relationship between trait anxiety and cortisol for the 
control and depressed groups.  However, contrary to expectation for the antidepressant group, 
there appears to be a very weak negative association between trait anxiety and cortisol, higher 
levels of cortisol associated with lower levels of trait anxiety for this group.   
 
 
 
Figure 11. Scatterplot and line of best fit for depression and oxytocin 
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Figure 12. Scatterplot and line of best fit for state anxiety and oxytocin 
. 
 
Figure 13. Scatterplot and line of best fit for trait anxiety and oxytocin 
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 Figure 14. Scatterplot and line of best fit for depression and cortisol 
 
 
Figure 15. Scatterplot and line of best fit for state anxiety and cortisol 
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Figure 16. Scatterplot and line of best fit for trait anxiety 
   
Maternal-fetal attachment, oxytocin and cortisol levels early and late pregnancy 
(H1).  To investigate hypothesis one, a series of paired sample t-test was utilized to assess the 
mean levels of maternal-fetal attachment, including quality of fetal attachment, intensity of 
preoccupation and global maternal-fetal attachment; oxytocin levels and cortisol levels in 
both early and late pregnancy. Results are displayed in Table 29. 
Table 29  
Means, SD and paired sample t-test for maternal-fetal attachment over pregnancy (n=37) 
  Early Pregnancy 
 Late 
Pregnancy         
  M SD  M SD d r M t 
Quality of fetal attachment 44.08 2.91 
 
46.11 2.23 .77 .50** -2.03 -4.67*** 
Intensity of preoccupation 26.14 4.16 
 
28.27 3.49 .57 .54*** -2.14 -3.48*** 
Global attachment 74.54 7.03 
 
78.81 5.17 .73 .58*** -4.27 -4.47*** 
Note: M  = mean, SD = standard deviation, r = Pearsons correlation, d = Cohen’s d, *** p < .001 
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As evidenced in Table 29, maternal-fetal attachment significantly increases from early 
to late pregnancy.  While global maternal-fetal attachment demonstrated the greatest 
significant change from early to late pregnancy. All aspects of maternal-fetal attachment 
during pregnancy showed a significant increase across pregnancy.   There are large effect 
sizes, although the group was small, so on this basis it is concluded that for this small case 
controlled sample that there is a moderate change in all aspects of maternal-fetal attachment 
and attachment over pregnancy. 
Figure 17 to Figure 19 demonstrate the individual mean differences in aspects of 
maternal-fetal attachment including quality of fetal attachment, intensity of preoccupation, 
and global attachment across early to late pregnancy.  As can be seen in Figure 17, while 
overall there is a significant increase in quality of fetal attachment from early to late 
pregnancy, there is a wide variety in change in quality of fetal attachment for individuals.  As 
shown, majority of mothers demonstrated an increase in quality of fetal attachment over time 
83.8%; however, the rate of change appears to be vastly different for individuals.  
Comparatively, 10.8% of mothers decreased in quality of fetal attachment over pregnancy. 
Again, the rate of decrease varied for each individual.  Interestingly, 5.4% of mothers did not 
show any change in quality of fetal attachment across pregnancy.   While there is an overall 
increase in intensity of preoccupation across pregnancy for the sample, as shown in Figure 
18, 59.9% of mothers demonstrated an increase in intensity of preoccupation across the 
course of pregnancy.  Comparatively, 29.7% of mothers showed a decrease in intensity of 
preoccupation and 10.8% did not show any change in their level of intensity of preoccupation 
from early to late pregnancy.  Again, there appears to be vast differences in the slopes or rates 
of change for each of the individuals
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Figure 17. Individual mean quality of fetal attachment from early to late pregnancy 
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Figure 18. Individual mean intensity of preoccupation from early to late pregnancy 
   
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
154 
 
Figure 19. Individual mean global maternal-fetal attachment from early to late pregnancy
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As demonstrated in Figure 19, while there is an overall increase in global maternal-
fetal attachment over pregnancy for the sample, only 78.4% of mother’s showed an increase 
in global maternal-fetal attachment over time.  While there were no mothers in the current 
sample that showed no change in global maternal-fetal attachment, 21.6% of mothers showed 
a decrease in global maternal-fetal attachment across pregnancy.  Again, the differences in 
rate of change are evident from the various slopes. This highlights the importance of 
understanding the predictors, which contribute to the various maternal-fetal attachment 
profiles.  
 A paired t-test was utilised to explore and examine the changes in maternal hormone 
levels from early to late pregnancy.  Table 30 examines the change in maternal hormonal 
levels from early to late pregnancy.  As shown in Table 30, there is a significant change in 
both oxytocin and cortisol levels across the course of pregnancy.  As expected, there is a 
marked increase in oxytocin from early to late pregnancy; however, contrary to expectations, 
there is also a significant increase in cortisol levels from early to late pregnancy.  Cortisol 
appears to be increasing at a similar rate to that of oxytocin.   
In order to examine the changes in maternal oxytocin and cortisol from early to late 
pregnancy, exploratory analyses were conducted.  Graphs depicting the individual mean 
difference in oxytocin and cortisol across pregnancy were utilised and are shown in Figure 20 
and 21.  As shown by Figure 20, consistent with the paired t test, oxytocin levels increase 
over time for each of the mothers.  As expected, the rate of change is vastly different while 
all mothers show an increase; the level of increase from early to late pregnancy appears to be 
quite different for each mother.  One case shows a steep and dramatic increase when 
compared to the other cases.   
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Table 30 
 Means, SD, and paired sample t-test for maternal hormonal levels over pregnancy (n=37)  
  Early Pregnancy  Late Pregnancy       
  M SD  M SD r M t 
Oxytocin pg/mL 2467.38 1276.29  20785.79 18487.77 0.93*** -18318.42 -6.44*** 
Cortisol pg/mL 19252.93 8807.15  36012.98 15989.28 0.40** -16760.04 -6.87*** 
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Figure 20. Individual mean oxytocin pg/mL from early to late pregnancy 
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Figure 21. Individual mean cortisol pg/mL from early to late pregnancy
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 Comparatively, as shown by Figure 21, the change in cortisol levels while appeared to 
increase over the course of the pregnancy for the group, individually there are differences.  It 
appears that majority mothers do show an increase in cortisol across the course of pregnancy 
94.6%; however, a small percentage of mothers 5.4% decrease in cortisol levels across the 
course of pregnancy. It is these differences in change in cortisol over time that are of 
particular interest and important in understanding.  
Maternal-fetal attachment, hormonal levels and depression H2. In order to 
address hypothesis two, a series of one way analysis of variance were utilized to determine if 
there was a mean difference in oxytocin levels, cortisol levels, and maternal-fetal attachment; 
including quality of fetal attachment, intensity of preoccupation, and global attachment the 
quality of fetal attachment in early and late pregnancy for mothers with clinical depression 
compared to mothers with a past history of clinical depression and those mothers with no 
history of depression. Additional assumption testing from the data screening indicated that 
the assumption of homogeneity of variances was violated for oxytocin levels on both early 
and late pregnancy; this was assessed by Levene’s Test of Homogeneity of Variances.  As 
such, the Welch statistic for analysis of variance was utilized when examining the oxytocin 
levels in early and late pregnancy for the various depression groups. 
As depicted in Table 31, the differences across the depression groups for maternal-
fetal attachment and hormonal levels remained consistent from early to late pregnancy.  Not 
surprisingly, none of the differences between groups was statistically significant; however, 
this was to be expected due to the small sample size which would have affected power of 
statistical analysis.  Despite this, the findings demonstrate some interesting trends worth 
noting.  As expected for maternal-fetal attachment, mothers in the clinically depressed group 
were lower than those with a past history or no history of clinical depression and this was 
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consistent from early to late pregnancy.  Interestingly, the difference between the mothers 
with past history of depression compared to those with no history of depression was such a 
small difference that it could be argued that, in fact, they were similar in the levels of quality 
and intensity of maternal-fetal attachment in early and late pregnancy. Contrary to 
expectations in regard to global maternal-fetal attachment in early pregnancy mothers with a 
past history of clinical depression, they had higher levels of global maternal-fetal attachment 
than those with no history of depression; in late pregnancy mothers with no history of clinical 
depression, they exhibited higher levels of global maternal-fetal attachment than mothers 
with a past history. 
The overall differences in the hormonal levels for the different depression groups 
appeared to generally remain consistent from early to late pregnancy.  Again, the differences 
in both the oxytocin and cortisol levels for the depression groups were not significant. Which 
is expected to be predominately due to the small sample size and subsequent loss of statistical 
power.  Contrary to expectation, oxytocin levels were the highest for mothers with current 
clinical depression and were lowest for mothers with a past history of depression.  Again, 
similar to maternal-fetal attachment, the difference in oxytocin levels between mothers with 
past history of depression and no history of depression is very minimal.    
As shown in Table 31, contrary to expectations, cortisol levels were the lowest for 
mothers with a past history of clinical depression and highest for mothers with no history of 
depression.  Comparative to maternal-fetal attachment and oxytocin levels, the difference in 
cortisol levels for the three groups were clear and evident.  While overall, cortisol levels 
increased for all groups from early to late pregnancy. The trend across the groups remained 
consistent with those with past history of depression continuing to have the lowest levels of 
cortisol, followed by mothers with clinical depression, and mothers with no history of 
depression showing the highest levels of cortisol in late pregnancy. 
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Table 31 
One way analysis of variance for effects of maternal history of depression on fetal  
  
Depressed  
(n = 7)   
Past depression  
(n = 14)   
No depression  
(n = 16)   ANOVA 
  M SD   M SD   M SD   F U MS η2 
Early pregnancy 
Quality of fetal attachment 42.57 4.50 44.43 2.47 44.44 2.37 1.17 .32 9.84 
.06 
Intensity of preoccupation 25.43 6.65 26.64 3.20 26.00 3.79 .20 .82 3.70 .01 
 
Global attachment 72.14 12.09 75.29 5.89 74.94 5.16 .50 .61 25.27 .03 
 
Oxytocin 3084.71 2548.68 2259.95 719.08 2378.79 797.86 1.10 .36 1697810.08 .06 
 
Cortisol 18909.13 8115.85 17615.55 9741.05 20836.06 8505.53 .49 .62 39231276.79 .03 
Late pregnancy 
 
Quality of fetal attachment 44.57 2.99 46.00 1.80 46.88 1.96 2.89 .07 13.05 .15 
 
Intensity of preoccupation 26.86 3.02 28.50 4.24 28.69 2.96 .71 .50 8.75 .04 
 
Global attachment 75.29 4.99 78.93 5.84 80.25 4.09 2.43 .10 60.16 .12 
 
Oxytocin 31374.37 39497.33 18487.87 8769.25 18163.98 8066.61 .37 .70 484367303.12 .08 
 
Cortisol 37656.72 14904.70   31711.64 12180.67   39057.51 19175.89   .83 .45 213120945.23  .05 
Note: M = mean, SD = standard deviation, MS = mean square, η2 = eta squared 
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 Figure 22 illustrates the difference in the mean oxytocin levels over time for mothers 
who are clinically depressed compared to mothers with a past history of depression and those 
with no history of clinical depression.  As expected, overall, there is an increase in oxytocin 
over the course of pregnancy.  Surprisingly, the group with the most marked increase in 
oxytocin over time is the clinically depressed group. Contrary to expectations of hypothesis 
two, the group with past history of clinical depression was the same as the control group; 
both groups demonstrated a much lower increase in oxytocin level over time compared to the 
clinically depressed group.   
 
 
Figure 22. Mean difference in oxytocin pg/mL over time for depression groups 
  
Figure 23 shows the difference in the mean cortisol levels over pregnancy for mothers 
with clinical depression compared to mothers with a past history of depression and those with 
no history of depression.  The pattern in cortisol levels for the various depression groups is 
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unexpected. Surprisingly, while all groups appear to increase in cortisol at a relatively similar 
rate, those with no history of depression had the highest level of cortisol and appeared to 
increase at the greatest rate.  Those with clinical depression appear to follow a similar trend 
and rate of increase for cortisol across pregnancy.  Comparatively, those with a past history 
of depression not only showed the lowest levels of cortisol across pregnancy, but they also 
appear to demonstrate the slowest increase in cortisol levels across pregnancy. 
 
 
Figure 23. Mean difference in cortisol pg/mL over time for depression groups 
Maternal-fetal attachment, hormonal levels, depression and antidepressant 
exposure in pregnancy H3.   To investigate hypothesis three, a series of one way analyses of 
variance  (ANOVA) were utilized to determine if there was a mean difference in oxytocin 
levels, cortisol levels and maternal-fetal attachment, including quality of fetal attachment, 
intensity of preoccupation and global attachment the quality of fetal attachment in early and 
late pregnancy for mothers exposed to depression compared to mothers exposed to 
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antidepressants during pregnancy and a control group of mothers with no pregnancy 
exposure.  Additional assumption testing from the data screening indicated that the 
assumption of homogeneity of variances was violated for oxytocin levels in late pregnancy as 
assessed by Levene’s Test of homogeneity of Variances.  As such the Welch statistic for 
analysis of variance was utilized for when examining the oxytocin levels in late pregnancy 
for the various pregnancy exposure groups.  
As depicted in Table 32, while there are differences in maternal-fetal attachment and 
hormonal levels for the various pregnancy exposure groups, these were not significant. This 
is predicted to be primarily due to the small sample size.  Despite this, it remains important to 
investigate the trends and patterns of differences evident between the groups.  Interestingly 
during early pregnancy, the findings are contrary to expectations.  Global fetal attachment has 
the trend expected with mothers exposed to depression. This group has the lowest level of 
global fetal attachment, followed by those mothers on antidepressants, and mothers with no 
exposure having the highest level of global maternal-fetal attachment (F(2,36)=.11, p=.90).  
This remained consistent through to late pregnancy.  Comparatively, with the intensity of 
preoccupation, mothers with depression had the lowest levels of intensity of preoccupation, 
however the antidepressant group and control group had similar levels of intensity of 
preoccupation which was contrary to expectations (F(2,36)=.11, p=.90).  Of even greater 
interest, is that the mothers who were on antidepressants (M=43.75, SD=1.98) experienced 
the lowest level of quality of fetal attachment in early pregnancy when compared to mothers 
with depression (M=44.20, SD=4.64) or controls (M=44.16, SD=2.14).  Mothers who were 
depressed had similar levels of quality of fetal attachment to mothers on antidepressants and 
the control group or antidepressant exposure during pregnancy (F(2,36)=.06, p=.57).  In late 
pregnancy, all groups demonstrated a change in the levels of quality of fetal attachment 
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(F(2,36)=2.57, p=.09), intensity of preoccupation (F(2,36)=1.51, p=.24) and global 
attachment (F(2,36)=3.04, p=.06).  
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Table 32 
One-way analysis of variance for effects of maternal exposure to depression and antidepressants on maternal-fetal attachment and hormonal 
levels in early and late pregnancy (df 2, 36) 
  Depressed (n =10)   Antidepressant (n = 8)   Control (n = 19)   ANOVA 
  M SD   M SD   M SD   F p MS η2 
Early pregnancy 
Quality of fetal 
attachment 44.20 4.64 43.75 1.98 44.16 2.14 .06 .94 .57 .01 
Intensity of 
preoccupation 25.60 6.48 26.38 3.46 26.32 2.94 .11 .90 1.97 .01 
Global 
attachment 73.80 11.34 74.25 5.90 75.05 4.50 .11 .90 5.57 .01 
Oxytocin 3213.11 2084.53 2164.92 772.77 2202.24 655.09 2.54 .09 3814360.70 .13 
Cortisol 20729.24 7821.99 16498.69 5894.56 19635.61 10309.74 .54 .59 42632075.05 .03 
Late pregnancy 
Quality of fetal 
attachment 45.00 2.71 45.75 2.12 46.84 1.80 2.57 .09 11.77 .13 
Intensity of 
preoccupation 27.50 2.99 27.00 4.21 29.21 3.31 1.51 .24 17.82 .08 
Global 
attachment 77.00 5.31 76.50 5.42 80.74 4.46 3.04 .06 73.00 .15 
Oxytocin 29210.26 32982.15 19396.46 10785.22 16936.85 6206.81 .79 .79 503316025.24 .08 
Cortisol 30890.90 10777.62   37636.20 12445.11   38025.34 19312.78   .69 .51 180189078.77 .04 
Note: M = mean, SD = standard deviation, MS = mean square, η2 = eta squared, df = degrees of freedom 
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Depressed mothers demonstrated the lowest levels of all maternal-fetal attachment 
followed by those mothers on antidepressants and mothers with no exposure during 
pregnancy to either depression or antidepressants having the highest level of maternal-fetal 
attachment across the board.  
As illustrated in Table 29, the trends and differences in hormonal levels across the 
pregnancy groups were unexpected.  In regard to Oxytocin, in both early and late pregnancy 
mothers exposed to depression had the highest levels of oxytocin compared to the other 
groups.  During early pregnancy, those on antidepressants had the lowest levels of oxytocin; 
however, as time progressed into late pregnancy it was the control group that had the lowest 
level of oxytocin. This indicated that the antidepressant group showed a greater increase in 
oxytocin level over pregnancy when compared to the control group.   
As depicted in Table 29, the changes in cortisol levels across pregnancy varied for the 
different exposure groups and these patterns were contrary to expectations.  As expected in 
early pregnancy, the mothers with depression had the highest levels of cortisol followed by 
controls and the mothers exposed to antidepressants had the lowest levels of cortisol.  
Contrary to expectations at late pregnancy, the control groups presented the highest level of 
cortisol levels followed by the antidepressant group; the depressed group had the lowest 
levels of cortisol at late pregnancy. This indicates different rate of change depending on 
whether the mother was exposed to depression, antidepressant or no exposure. 
 Figure 24 illustrates the mean difference in oxytocin across pregnancy for mothers 
exposed to depression versus antidepressants and controls.  Again as expected, the general 
trend for all groups is an increase in oxytocin over pregnancy.  Contrary to expectations, 
those with depression demonstrated the greatest increase in oxytocin levels across pregnancy; 
this rate of change appeared to be markedly different to that of those exposed to 
antidepressants or control.  Comparatively, those mothers exposed to antidepressant 
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medication, while showing a slightly greater increase in oxytocin levels over the course of 
pregnancy, was generally consistent in the rate of change as the control group. 
 
Figure 24. Mean difference in oxytocin pg/mL over time for depression, antidepressant and 
control exposure groups 
 
 Figure 25 depicts the mean difference in cortisol levels over pregnancy for mothers 
exposed to depression, antidepressant medication and a control group with no exposure.  
Contrary to expectation, all groups demonstrated an increase in cortisol levels over the course 
of pregnancy.  While the control group demonstrated the highest level of cortisol across 
pregnancy, the rate of increase for the control groups was less than that of the group using 
antidepressant medication.  This group had the greatest increase in cortisol levels across 
pregnancy coming to a similar level as the control group by late pregnancy.  Comparatively, 
while the depressed group started with a higher level of cortisol than the other groups, they 
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appeared to taper off in the increase in cortisol across pregnancy and ending with much lower 
cortisol levels than the other groups. 
 
Figure 25. Mean difference in cortisol pg/mL over time for depression, antidepressant and 
control exposure groups 
8.4 Summary of Results 
 This study aimed to conduct initial exploratory analyses of the potential relationships 
between maternal mental health, maternal attachment style and hormones, and maternal-fetal 
attachment.  The study aimed to examine the predictive validity of maternal psychobiological 
variables in explaining variance in maternal-fetal attachment in early and late pregnancy.  
The study further aimed to examine trends in two hormones, oxytocin and cortisol, over the 
course of pregnancy using pilot data. 
 In hypothesis one we predicted that there would be associations between maternal 
mental health, maternal attachment style, maternal hormones and maternal-fetal attachment.  
This hypothesis was only partially supported while there were some associations found these 
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were generally weak non-significant relationships.  This may in part be due to the very small 
sample size in the current study.   
In hypothesis two we predicted that maternal-fetal attachment and oxytocin would 
increase over pregnancy while cortisol would decrease over pregnancy.  Again this 
hypothesis was only partially supported.   The results indicated that both oxytocin and 
cortisol were found to increase across the course of pregnancy.  Contrary to expectations, 
quality of fetal attachment was found to be negatively associated with oxytocin.   This may 
be in part be explained by the current clinically depressed group, in which a weak negative 
association was found between quality of fetal attachment and oxytocin.  This is compared to 
the control and antidepressant groups where, as expected, a moderate to strong positive 
relationships was found between quality of fetal attachment and oxytocin.  Additionally, 
contrary to expectations, there was a positive association found between cortisol, intensity of 
preoccupation and global attachment.  While cortisol was not found to be associated with 
maternal-fetal attachment for the control or antidepressant groups, there was a strong positive 
association between cortisol and maternal-fetal attachment for the current clinically 
depressed group.   
 The study further showed that as expected, there was a negative association between 
oxytocin and maternal attachment style difficulties including attachment avoidance and 
anxiety for the control and antidepressant groups.  However, again for the current clinically 
depressed group, there was a positive association between oxytocin and maternal attachment 
style difficulties.  Similarly, there was a positive association found between cortisol and 
attachment anxiety and avoidance. 
 The study found a weak positive association between maternal mental health and 
oxytocin across pregnancy.  This may be explained by the positive relationship between 
oxytocin and maternal mental health found for the antidepressant group compared to the 
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weak negative associations found for the current clinically depressed and control groups.  
Furthermore, contrary to expectations, there was a weak positive association between cortisol 
and maternal mental health across pregnancy.   
 Moreover, contrary to expectations, oxytocin levels were the highest in the clinically 
depressed group, while cortisol levels were the highest in the control group.  The 
antidepressant group showed the greatest level of increase in oxytocin across pregnancy.
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CHAPTER 9: Discussion 
This thesis investigated maternal-fetal attachment across the course of pregnancy.  
This was done using standardized measures of depression, anxiety, stress, parental bonding, 
adult attachment and maternal-fetal attachment across multiple time points in pregnancy.   
These psychological measures were coupled with biological measures of oxytocin and 
cortisol from maternal blood plasma at multiple time points across pregnancy.  The study 
design enabled the exploration of maternal factors contributing to maternal-fetal attachment 
levels across pregnancy.  Furthermore, the thesis design also enabled a comparison of 
maternal-fetal attachment levels across groups of mothers with clinical depression, mothers 
with a history of depression and controls. The study employed a longitudinal design in order 
to show the change in maternal-fetal attachment as pregnancy progressed, and data analysis 
also focused on individual variation in the change in maternal-fetal attachment.  While the 
current study included a reasonable sample for the first and second study, the third hormonal 
study used a smaller sample drawn from pilot data on hormones. This smaller study should 
be considered exploratory in nature. Overall, the three studies presented adds to previous 
research, which has been limited by small sample sizes and methodological complications 
such as the implementation of measures with poor psychometric properties and cross 
sectional designs.   
 The focus of this discussion is to consider the key findings of the research and review 
the clinical implications for early intervention and treatment.  The discussion begins with a 
summary of the key findings across the three studies.  Thereafter it will focus on the 
implications, strengths, limitations and future directions, and will conclude with a summary 
of the research as a whole. 
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9.1 Summary of key research findings 
Maternal mental health and maternal-fetal attachment 
The present research indicates that maternal-fetal attachment is a complex construct, 
which changes across the course of pregnancy.  The overall general trend in maternal-fetal 
attachment is that it increases as the pregnancy progresses.  Following the initial adjustment 
to the pregnancy, as the fetus develops and begins to move, the mother begins to talk to the 
fetus and this may be one sign of an increase in maternal-fetal attachment (Redshaw & 
Martin, 2013).  The findings of the current study provide further evidence for the notion that 
as the pregnancy progresses the mother is more able to metalize and fantasize about the fetus, 
conceptualizing it as a human being, separate from herself, yet dependent on her for its well-
being and development (Alhusen, 2008; Maas, Vreeswijk, Braeken, Vingerhoets, & van 
Bakel, 2014).  These findings may suggest that as the pregnancy progresses and the fetus 
develops, becoming more active, there is an increase in maternal attachment behaviours, 
which in turn increase the level of attachment between mother and fetus.  
While this general trend is observed and supports previous theoretical and empirical 
findings, the current analyses highlighted that across pregnancy there is considerable 
individual variability in levels of maternal-fetal attachment. There is variation both in the 
baseline levels and in the rate of increase over pregnancy. These patterns of individual 
variation in maternal-fetal attachment may be in part explained by the theory that the skills 
and strategies required for the development of maternal-fetal attachment are a component of a 
wider reproductive strategy may begin in a childhood and progress through adolescence and 
adulthood; therefore forming the baseline of maternal-fetal attachment when a woman 
becomes pregnant (Gluckman & Hanson, 2004).  There is evidence of an individual variation 
in the rate of change in maternal-fetal attachment levels across the course of pregnancy, in 
the current study.  This may further support the theory that the subsequent development of 
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maternal-fetal attachment across pregnancy may be a result of both situational and personal 
factors that interact across pregnancy (Siddiqui, Hagglof, & Eisemann, 2000).  
As seen in this thesis, we confirmed the prediction that maternal mental health does 
impact on the development of maternal-fetal attachment.  Depression, anxiety and stress were 
all found to be negatively associated with maternal-fetal attachment.  Such disorders are 
known to have multidimensional effects on the individual cognitively, emotionally and 
behaviourally; as such, would be expected to impair the mother’s ability to be able to attach 
to the fetus on a cognitive and affective level.  These findings support previous literature, 
which indicates that typically adjustment to pregnancy is difficult, however other studies 
have found that it is increasingly difficult for high-risk populations including those who have 
mental health difficulties (Bouchard, 2011; Kwon & Bang, 2011).  Depression and anxiety as 
associated with feelings of an inability to cope with the adjustment to pregnancy, low mood, 
difficulty sleeping, loss or increase of appetite, agitation, rumination, excessive worry, 
preoccupation with irrational fears or beliefs and cognitive distortions (Diagnostic and 
statistical manual of mental disorders fifth edition (DSM-5), 2013).  This symptom profile, 
coupled with biological changes typically experienced in pregnancy as a result of hormonal 
changes, may make the ability to attach to the developing fetus a difficult task.  This may be 
even more difficult to achieve when avoidance of emotions or cognitions in relation to the 
pregnancy and fetus occur in order to reduce the experience of negative emotionality and 
symptomology associated with depression and anxiety (Mikulincer & Florian, 1999).  
Furthermore, while depression and anxiety may begin with the onset of pregnancy, it is most 
likely that these conditions were already established given the general knowledge about the 
course of such disorders (Clinical practice guidelines: depression and related disorders - 
anxiety, bipolar disorder and puerperal psychosis in the perinatal period: A guideline for 
primary care health professionals, 2011).  Finally, the underlying cause of these psychiatric 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
175 
disorders, coupled with the psychosocial stressors and pressures that occur when living with 
psychiatric disorders may prove to be overwhelming impacting n daily functioning.  
Subsequently, these stressors and pressures may be too consuming to allow the mother the 
time, emotional or cognitive capacity to begin to focus on bonding with her fetus (Kessler et 
al., 2003).  
As expected, given our use of a clinical diagnostic interview, we found that clinical 
depression markedly impacts on maternal-fetal attachment.  The group of mothers with 
clinical depression started from a lower maternal-fetal attachment baseline in early pregnancy 
when compared to those with history of clinical depression or controls.  The symptoms of 
depression may result in reduced maternal behaviours that enhance maternal-fetal attachment 
such as voicing excitement, imagining maternal roles and talking to the unborn child.  
Depression has been previously shown to be associated with low levels of social support and 
social support is deemed to be important during pregnancy.  It may be that for those mothers 
with minimal social support, the impact of depressive symptoms further impacts on their 
ability to attach to their fetus (Alhuden, Gross, Hayat, Rose & Sharps, 2012).  Interestingly, 
the results showed that, when antidepressants were controlled for, this difference across the 
groups of depression was no longer significant.  This may indicate that antidepressants could 
be playing a primary role in the ability to develop maternal-fetal attachment in those mothers 
with current or historical clinical depression.  This is an interesting finding, there are mixed 
findings in relation to the use of antidepressants during pregnancy.  It does however support 
recent research that has found that generally there are few real impacts on the infant from 
antidepressant use during pregnancy (Lewis, Bailey, & Galbally, 2012; Lewis, Galbally, & 
Bailey, 2013).  These results indicate that antidepressant use in pregnancy may enhance 
maternal-fetal attachment in depressed mothers. While further exploration of this finding was 
beyond the scope of the current study, research investigating the mechanisms of action for 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
176 
antidepressant use in pregnancy is required.  This will enable an empirical assessment of the 
costs and benefits of antidepressant use in pregnancy in terms of infant outcomes.  
The findings of the current study indicated that anxiety and stress play a critical role 
in the development of maternal-fetal attachment across pregnancy. Typically when 
investigating maternal mental health in the prenatal period depression and anxiety are 
grouped together as part of maternal psychological distress or maternal mental health.  
Interestingly, contrary to expectations, the results of the current study showed that while 
depression by itself was predicative of maternal-fetal attachment, once anxiety and stress 
were included into the model, depression was no longer predictive.  This may be due to the 
sample population being more anxious than depressive in nature, or may be that the 
biological changes coupled with the major life adjustment illicit the propensity for a higher 
prevalence of anxiety in the current population.  Alternatively, it may be that the symptoms 
of anxiety such as the intensity of the preoccupation of fear and rumination has a greater 
impact on the cognitive abilities to be able to metalize and attach to the fetus than the 
symptoms of depression does.  This requires further exploration and comparative studies to 
understand this empirical finding in greater detail.   
Maternal attachment style and maternal-fetal attachment 
The results of the current research suggest significant associations between maternal 
attachment style, maternal bonding with her own parents and the development of maternal-
fetal attachment.  These associations generally ranged from r= .20 to r=.60 and represents 
weak to moderate effect sizes. Specifically, maternal attachment avoidance and anxiety, 
coupled with the maternal experience of care and overprotection from mother during 
childhood explains between 18% and 43% the variance in the quality of fetal attachment in 
the regression models used here.   
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The findings of the current thesis may provide further support for the notion that 
attachment is in part transmitted from one generation to the next.  Maternal-fetal attachment 
has been found to correlate positively with postnatal attachment (Muller, 1996), which is well 
known to be crucial for the infant’s ongoing cognitive, emotional and social development 
(Solomon & George, 1996; Van Ijzendoorn, Schuengel & Bakermans-Kranenburg, 1999; 
Fonagy, Gergely & Target, 2007).  This is inclusive of the development of their own 
attachment system, it could be therefore extrapolated that the maternal-fetal attachment 
including the development of their own attachment system and internal working models.  
These findings support models of development of maternal-fetal attachment that postulate 
that the capacity and ability to develop a strong maternal-fetal attachment during pregnancy 
is derived from early childhood attachment experiences (Cranley, 1981; Doan & Zierman, 
2008; Doan & Zimerman, 2003).  This suggests that maternal attachment style plays an 
important part in the first attachment experience between mother and developing fetus. This 
may provide preliminary support for the notion of intergenerational transmission of 
attachment.  This link between maternal attachment style and maternal-fetal attachment may 
also generate a greater understanding into the transmission of attachment.  
Interestingly, maternal experience of bonding with her father during childhood was 
not a critical factor in maternal-fetal attachment.  This may be explained by the transmission 
of attachment occurring predominately through the primary caregiver, which is most often 
the mother (Benoit, 1994; Johnson, 2013).  Additionally, pregnancy particularly first time 
pregnancy, is thought to illicit thoughts and emotions regarding one’s own upbringing and 
relationship with their own mother, as such making this relationship very salient (Alhusen, 
2008).  Moreover, the relationship experienced with one's own mother generates mental 
representations of how to be a mother and guides individuals in their transition into 
motherhood (Behringer et al., 2011; Yarcheski et al., 2009).  This therefore plays a role in the 
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manner in which the woman conceptualizes and understands the pregnancy and subsequently 
begins to bond with the developing fetus. 
Not surprisingly, and consistent with our hypotheses, the attachment avoidance and 
anxiety of the mother was found to be associated with maternal-fetal attachment.  These 
findings support previous research which has found that maternal attachment avoidance is 
associated with poorer maternal-fetal attachment during pregnancy (Alhusen, Hayat, & 
Gross, 2013; Mikulincer & Florian, 1999).   This supports the models of maternal-fetal 
attachment that propose that attachment working model and interpersonal skills for maternal-
fetal attachment are laid down in childhood through an experience of attachment relationship 
(Doan & Zimerman, 2003). According to attachment theorists, attachment avoidance drives 
the woman to be independent essentially making it difficult to comprehend that someone 
would be completely dependent on them (Bowlby, 1988; Main & Goldwyn, 1984; Main, 
1990).  These mothers also have the tendency to distance themselves from others; they 
prevent the development of close bonds as a form of self-protection against rejection 
(Mikulincer & Florian, 1999).  The relationship with the fetus is no exception. Women who 
have an avoidant attachment style may have greater difficulty acknowledging the pregnancy 
or refuse to express any emotions or avoid cognitions in relation to the pregnancy.  The 
feelings of being uncomfortable with being pregnant or the idea of the impending close bond 
anticipated with a baby who will be highly dependent on the mother’s emotions may cause 
the mother to emotionally distance herself from the fetus and prevent her from 
conceptualizing it as human (Alhusen, Hayat, & Gross, 2013; Cranley, 1981; Mikulincer & 
Florian, 1999). 
On the other hand, according to attachment theorists, individuals with more anxious 
styles of attachment relationships seek out close relationships and they are very emotionally 
‘needy’ in their close relationships (Bowlby, 1988; Main & Goldwyn, 1984; Main, 1990).  
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One could extrapolate that anxiously attached mothers may be overly emotionally 
dependence on the developing fetus, due to their negative view of themselves.  The fetus 
provides the potential for someone to love unconditionally, however, at the same time they 
may have preoccupations and worry that the child will not love them in return, or that they 
will not be adequate as a mother (Alhusen, Hayat, & Gross, 2013; Walsh, Hepper, & 
Marshall, 2014).  While this type of attachment is also associated with lower levels of 
maternal-fetal attachment, due to the intensive preoccupation and worry, they may have 
higher levels of maternal-fetal attachment compared to the avoidant group.  This may be 
because they are able to bond with the fetus in terms of thinking about and wanting to 
connect with the fetus; however, their own preoccupations with self-worth may get in the 
way of a more secure attachment bond. While it is a matter of speculation as to whether these 
kinds of psychological processes are involved, these comments can provide a conceptual 
framework upon which to base future studies. 
The findings of the current thesis provide additional support for recent research which 
found that maternal attachment as determined by romantic caregiving was indicative of 
maternal-fetal attachment during pregnancy (Walsh, Hepper, & Marshall, 2014).  This 
supports the notion that the development of the maternal-fetal attachment may be reflective 
of the caregiving system within an attachment relationship rather than the care seeking 
system.  This provides further evidence for the existence of maternal-fetal attachment as the 
early attachment system (Doan & Zimerman, 2003; Walsh, Hepper, & Marshall, 2014) 
The present research also examined a range of maternal mental health and attachment 
variables to better understand the factors involved in the development of maternal-fetal 
attachment across pregnancy.  The findings consistently showed the importance of 
attachment avoidance and maternal anxiety and stress. in explaining maternal-fetal 
attachment across pregnancy.  Maternal attachment style explained between 9% and 28% of 
INFLUENCE OF MATERNAL FACTORS ON MATERNAL-FETAL ATTACHMENT 
 
180 
variance in maternal fetal attachment while maternal mental health explained between 8% 
and 31% of variance in maternal-fetal attachment.  Specifically, the results showed that the 
associations between maternal attachment avoidance and quality of maternal fetal attachment 
were consistently significant and ranged from r=-.27 through to r= -.48 with moderate effect 
sizes.  Similarly, maternal state and trait anxiety was constantly significant with associations 
ranging from r=-.23 through to r=-.47 with moderate effect sizes, while maternal current and 
past stress showed significant associations with maternal-fetal attachment ranging from r=-
.05 to r=-.12, however while significant these were weak effect sizes. 
These findings can be understood in terms of the potential impact that maternal 
attachment style and mental health has on the experience of pregnancy and subsequent 
development of the maternal-fetal attachment.  Pregnancy is understood to be a time in life 
were there is a progression toward an anticipated attachment relationship were the infant is 
completely dependent on the mother (Doan & Zierman, 2008; Doan & Zimerman, 2003).  
Therefore it could be expected that the mother who experiences a higher level of attachment 
avoidance, has an internal working model for relationships that is withdrawn and defensive, 
and has the tendency to avoid potential rejection, and therefore would avoid an attachment to 
the fetus for fear of rejection (Alhusen, Hayat and Gross; 2013).  When maternal mental 
health is also taken into consideration, the anticipation of the impending relationship would 
also understandably generate feelings of anxiety.  It may be that this explains the role of both 
attachment avoidance and state anxiety.   As the anxiety and avoidance feed into one another, 
the anxiety results in avoidance of attachment.  This results in decreased maternal-fetal 
attachment and increased anxiety.  This may be a model that may need to be further 
developed explored and tested in future research.    
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Maternal Oxytocin and Cortisol in pregnancy and maternal-fetal attachment 
The findings in the current small preliminary exploratory study should be interpreted 
with caution due to the small sample size. The study was undertaken as a preliminary 
investigation with the hope that it would guide further research in this direction.  The findings 
were unexpected in relation to the patterns and trends of oxytocin and cortisol across 
pregnancy when considered in light of other maternal mental heath and attachment variables.  
These initial findings suggest considerably greater complexity to the relationship than 
initially anticipated. 
  Methodological issues in terms of the processing of samples and the time of 
measurement should be considered initially.  Specifically, the cortisol results were high for 
this sample; this may be a result of cortisol being measured at different times across the day.  
Cortisol is affected by diurnal patterns.  While efforts were made to collect the cortisol 
samples during the morning, there was variability and this did not account for the diurnal 
effect.  As such these results need to be interpreted with caution (Richter et al., 2012).   
 Oxytocin levels were found to contribute significantly to maternal-fetal attachment in 
a complex way.  Importantly, oxytocin did show a general trend of increasing across the 
course of pregnancy and this finding was consistent with previous research (Douglas, 2010; 
Galbally, Lewis, Ijzendoorn, & Permezel, 2011; Levine, Zagoory-Sharon, Feldman, & 
Weller, 2007).  Surprisingly, the quality of fetal attachment was negatively associated with 
oxytocin.  This finding is inconsistent with previous empirical evidence and theoretical 
knowledge, animal studies have shown the positive role that oxytocin plays in maternal 
behaviour (Francis, Champagne, & Meaney, 2000).  It may be that while oxytocin does play 
a role in maternal behaviour, it does not necessarily translate into the ability to cognitively 
metalize an attachment relationship with the fetus.  Alternatively, it may be that oxytocin 
plays a greater role in social connectedness and the attachment relationship once the infant is 
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born and the mother is face to face with the infant.  On the other hand, the unexpected 
associations between oxytocin, maternal-fetal attachment, and maternal attachment style may 
in fact be the result of the link between oxytocin and depression.   
The unexpected associations between oxytocin and maternal-fetal attachment in the 
current study may be a result of the relationship between depression and oxytocin.  The 
current study found that while the control and historical clinical depression groups 
demonstrated a positive association between oxytocin and maternal-fetal attachment, the 
negative association between maternal-fetal attachment and oxytocin was predominate in the 
clinically depressed group.  It was hypothesized that depression would be associated with 
lower levels of oxytocin, however the results showed that it was in fact associated with 
higher levels of oxytocin.  This provides evidence for theory that oxytocin may in fact have 
dual role.  While it enhances positive experiences in terms of social connection and 
pregnancy, it also is found to be elevated in depressed groups.  It is argued that this is due to 
depression being a disorder of emotional distress and impaired social relationships.  It may be 
that in depressed individuals there is increase in hypothalamic oxytocin expressing neurons 
and that as such, people with depression have elevated baseline levels of oxytocin.  The 
increase in oxytocin may serve as a protective mechanism for people with depression in an 
effort to give the motivation to seek out social connectedness (Cyranowski et al., 2008; 
Parker et al., 2010).   
This elevation in oxytocin in the depression group may provide some explanation for 
the current findings, which showed that depression did not play a significant role in 
understanding maternal-fetal attachment.  One theory for these findings may be that perhaps 
due to the increased levels in oxytocin in depressed mothers, coupled with the natural 
increase in oxytocin that occurs during pregnancy, the depressed mothers have a significantly 
greater level of oxytocin than mothers who are anxious during pregnancy. This may then 
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enable the mothers with depression to have a greater capacity to develop an attachment with 
the fetus as the higher levels of oxytocin motivate social connectedness and trigger maternal 
behaviours (Parker et al., 2010).  Comparatively, the mothers who are anxious have a rise in 
cortisol, are preoccupied with fear and worry and may generally have lower levels of 
oxytocin.  Considered together these factors may explain the lower levels of maternal-fetal 
attachment for anxious mothers. Alternatively, it may also be worth considering, that given 
there is an elevation in oxytocin for depressed individuals, it could also be possible that the 
increase in oxytocin that occurs due to pregnancy may then trigger deterioration in depressive 
symptoms or relapse for those with a prior history of depression.  This may be worth further 
investigation as it may provide some answer as to why some people are at greater risk of 
depression during pregnancy. 
9.2 Implications 
Research 
 This section aims to explore some of the implications that the current study findings 
may have on research.  It does this by examining the methodology and design of the current 
study and highlighting how it has provided preliminary groundwork for future research, as 
well as identifying how the current study has contributed to the current body of knowledge. 
This research provided insight into the development of maternal-fetal attachment in 
pregnancy from a biological and psychological perspective.  As previously stated there has 
been limited research, which has investigated maternal-fetal attachment focusing on the range 
of maternal factors in a longitudinal prospective design.  Moreover, within the current body 
of research there are limited studies in which maternal-fetal attachment was consistently 
measured across pregnancy utilizing a psychometrically sound measure.   
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 By focusing on examining maternal-fetal attachment, the current study adds not only 
to the maternal-fetal attachment body of literature, but also to the traditional attachment 
theory body of literature. 
 The current study was part of a larger longitudinal parent study with complex and 
sound methodological design.  The study design was established by the MPEWS study in 
order to ensure that methodological difficulties from previous research were addressed.  By 
measuring variables in early and late pregnancy this enabled not only a baseline reading of 
the factors, but also a determination of change over time, which had no been done in many 
previous studies.    
Clinical 
The current section aims to discuss the clinical implications of the current study.  It 
aims to highlight areas of clinical focus and discuss the potential implications for treatment 
and intervention. 
The current findings have highlighted the impact that maternal mental health and 
attachment has on the development of maternal-fetal attachment this has important clinical 
implications.   The perinatal period is increasingly identified as the critical time point for 
prevention and early intervention (Lewis, Galbally, Gannon, & Symeonides, 2014). Early 
fetal programming is impacted by a range of complex factors in the in utero environment and 
has life long implications for the infant.   Targeted early intervention to improve maternal-
fetal attachment may subsequently alter developmental trajectories preventing mental health 
and interpersonal difficulties in later life (Lewis, Galbally, Gannon, & Symeonides, 2014). 
Moreover, from a clinical perspective researching maternal-fetal attachment is of critical 
importance as it assists in understanding and managing many of the psychological difficulties 
of pregnancy and the postnatal period.  This includes both normal and pathological reactions 
to loss that is breaking of the attachment bond, through miscarriage, perinatal loss or 
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relinquishing for adoption.  Additionally, it aids in developing an understanding around as 
early bonding difficulties, fetal abuse and common perinatal maternal psychopathology 
(Condon & Corkindale, 1997). 
Given that maternal-fetal attachment has been shown to be associated with 
developmental consequences, and that there are a number of factors that appear to influence 
the maternal-fetal attachment, it is crucial for future research to examine these casual 
relationships in greater detail.  Being able to identify markers for vulnerable groups may 
prove to be critical in prevention and early intervention.  Research has continued to show a 
negative association between impaired maternal-fetal attachment and secure attachment in 
the postnatal period (Dubber, Reck, Müller, & Gawlik, 2015).  This highlights the importance 
of being able to identify those with maternal-fetal attachment Moreover, having the ability to 
identify mothers who are at risk of, or who present with poor maternal-fetal attachment may 
enable early intervention programs to target these mothers.  This may subsequently enable 
the mother to move toward a more positively strengthened maternal-fetal attachment.   
Intervention strategies may be developed as a result of the knowledge gained from 
research findings.  Specifically, intervention strategies developed to assist women identified 
as having low maternal-fetal attachment during pregnancy may be able to increase their 
emotional investment in the pregnancy.  This may in turn enable the mother to have a more 
positive view of the fetus and improve the chance for secure attachment and positive 
maternal health behaviours.  Subsequently, this may provide the opportunity for an altered 
trajectory toward one with more secure mother infant attachment and more optimal 
developmental outcomes for the child. 
An additional implication of understanding maternal-fetal attachment in greater detail 
is that of grief support.  By having a greater understanding of maternal-fetal attachment we 
may be able to better understand and support mother’s who experience loss of pregnancy or 
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stillbirth.  This is still an area that is neglected in both research and professional settings.  
Many women who experience such loss are not adequately supported.  By having a sound 
understanding of the depth of maternal-fetal attachment and educating professionals about 
this attachment may generate an increased skills in assisting mothers through perinatal loss.  
This is an area that requires further research in the clinical setting (Rackett, 2010).   
9.3 Strengths, limitations and future directions 
Strengths 
 The methodological design of this current study while time consuming and taxing, 
does ensure consistent measurement across time.  This in turn ensures that a detailed picture 
of pregnancy can be collected, this is a strength particularly when compared to other studies 
that collect data at only one point in time during pregnancy. Furthermore, the methodological 
design of the current research allows a focus to occur on the pregnancy period, which is 
generally under studied and requires further attention. 
Limitations 
One of the key limitations with the current study is with sample size.  The overall 
sample size while adequate was still relatively small.  Additionally, the various groups within 
the sample were not consistent in size.  This is a particular limitation for the case controlled 
study.  While this was a preliminary study, it drastically limited the statistical analysis and 
therefore interpretable results from this study. 
Given the difficulty in recruitment, decisions were made to broaden the recruitment 
population to include multiparous women.  This may have implications for the findings and 
would have been more ideal if the sample population had of been primiparous, there was also 
not enough multiparous women to be able to conduct group comparisons as the decision to 
include multiparous women was made late in the recruitment process.   
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Due to the difficulty in recruitment, one of the key limitations for was in the definition of the 
groups in study 3.  Allocation to the antidepressant group was based on the requirement that the 
participant was taking antidepressant medication during pregnancy.  This may have resulted in a 
heterogeneous group; whether these participants were also depressed or had other psychopathology for 
which they were prescribed antidepressant medication such as anxiety is not clear.  There may also be an 
overlap between the clinically depressed group and the antidepressant group.  This may have impacted 
on the results and as such impacts on the ability to interpret the results.  Future research could benefit 
from having strict criteria for group allocation to ensure a homogenous group to allow for better group 
comparisons.   
In line with the limitations regarding time and recruitment, as the current research was 
part of a larger study, there were significant time limitations on the scope of the study.  
The use of self-report questionnaire measure of maternal attachment style was a 
limitation of the current study.  It is acknowledged that there are more ideal measure of adult 
attachment such as the Adult Attachment Interview would have been ideal for assessing 
maternal attachment style.  This would have also enabled group comparisons across adult 
attachment style and would also be essential in mapping the transmission of attachment 
across generations.  The larger parent study incorporated this measure however it was beyond 
the scope of the current study.  Measures such as the Adult Attachment Interview require 
extensive transcription and assessment which is considerably time consuming, particularly 
when considered on the back of such extensive and time involved recruitment and data 
collection.  While the benefit of having measures such as the Adult Attachment Interview 
would have been ideal, it was beyond the scope of the current research due to time restraints 
and this was a major limitation of the current study. 
Further limitations with the data occur via the variation in time collection of the 
cortisol samples.  While efforts were made to collect these in the morning, there was 
variation in time of collection, which does not allow for the effect of diurnal patterns.  This 
may have impacted on the results, which demonstrated very high levels of cortisol in the 
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sample and may be a limitation for the findings.  Future research in which the time of 
collection of cortisol samples is tightly controlled for is required. 
Finally there were limitations with the data analysis.  It is acknowledged that to gain 
more in depth understanding of the data, multilevel modeling (MLM) would have been the 
ideal analysis.  This would have allowed for an examination of the complex predictors and 
individual variability of maternal fetal attachment and allowed an investigation into the 
change over time of maternal-fetal attachment.  MLM is a more complex statistical technique 
that enables an investigation of interactions between levels.  This technique can enable 
investigation of various levels of groups, and can also be utilised to analyse repeated 
measures data.  MLM differs from general linear regression in that it has multiple random 
variables and models can contain a mix of fixed effects and random effects.  There are clear 
benefits of using MLM in place of linear regression.  MLM is able to model the variation 
between groups, it enables a generalization to a wider population, there are fewer parameters 
required, predictors can be included at the group level, there can be multiple levels of 
grouping, cross classification of data and the normal linear regression extensions can be 
obtained (Field, 2009).  It is clear that this statistical technique is more advanced and would 
have been more suited to analysing the data in order to more thoroughly answering the 
hypothesis.  Conducting MLM may have yielded different results and enables a more in 
depth interpretation of findings including an understanding of how and why individual and 
group difference in maternal-fetal attachment occur.  The current study utilised linear 
regression as statistical technique as a preliminary investigation of data.  Future research 
could expand on the current findings by utilising MLM as a statistical technique.  
Future Directions.  
The current study was a preliminary study, future research is needed to take the 
research a step further and investigate the link between maternal-fetal attachment and the 
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development of the infant attachment status.  Firstly, future studies with larger samples sizes 
would be required to ensure generalizability of findings and complex statistical analysis 
across multiple data time points.  Additionally, future research which measures infant 
outcomes in the postnatal period as a result of both maternal factors during pregnancy and 
maternal-fetal attachment would allow for a more complete understanding of the importance 
of the in utero environment for the ongoing development of the infant.  
Future research is required to advance the preliminary findings into the individual 
variability of hormones and maternal-fetal attachment trends across pregnancy.  This would 
enable a more complex analysis to determine the factors contributing to such variability and 
would also take the findings to the next level allowing for determination of causality and 
predictability. 
9.4 Conclusions 
The findings of this thesis have expanded and contributed to the understanding of the 
development of maternal-fetal attachment during pregnancy.  Previous research has shown 
that maternal-fetal attachment is a construct that progresses over the course of pregnancy and 
this was supported by the current findings.  A number of reviews have indicated that the 
empirical research investigating the predictive factors and outcomes of maternal-fetal 
attachment is inconsistent and largely limited due to methodological issues and cross 
sectional design.  The current research extended these previous findings by aiming to address 
the methodological concerns and examining maternal-fetal attachment from a psychological 
and biological approach.   
The current research has contributed to the body of knowledge particularly with 
regard to maternal-fetal attachment.  Reviews in the area of maternal-fetal attachment have 
highlighted the need for research, which is longitudinal and comparative in nature.  The 
current study has conducted such research and the findings provide empirical support for 
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theoretical frameworks of maternal-fetal attachment.  Specifically, the results of the current 
study support the theory that maternal-fetal attachment is an attachment relationship that 
increases over time.  The results have also highlighted the importance of maternal attachment 
style, psychological and hormonal factors in the development and progression of maternal-
fetal attachment.  
Continued research into the area of maternal-fetal attachment has important clinical 
implications.  It allows for the development of screening and testing to identify those women 
at risk throughout pregnancy and to develop early intervention treatment programs for 
administration during pregnancy.  This may assist mothers in not only managing their risk 
factors, but also by increasing their protective factors such as maternal-fetal attachment.  By 
strengthening the maternal-fetal attachment and minimizing or treating the risk factors such 
as psychopathology, this may prove to allow for more positive outcomes in the postnatal 
period and beyond for both mother and infant.
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